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MSSMtSL 
Nuol«ar r«aotion and nuol«ar ttruotux* lioth azt 
oompl«m«ntaz3r to aaoh other and tho bottor kaovlodgo of 
• l th«r of tho two may oluoidato tho othor. For iMttor 
tmdorstanding of nucloar struoture and proportioo 
assooiatod with nuoloi» gonorally* ono takos tho holp 
of auoloar roactlon. Tho najor work oontainod in thio 
thoalo doala v l th the noaBuroments of noutxon Induood 
reaotion oroos-aoctlons at intoxnodiato onorgloo. Tho 
whole vozk repozrted In the thes i s has been ramified into 
f i re ohaptera. In Chapter I , a brief qual i tat lre descrip-
t ion of neutron induced reaotione in different energy 
regions and the applioations of the oross-seotions hoTO 
been giron. 
In Chapter I I , a brief aurroy of neutron induood 
roaotiona in the onozgy rogioa f ioa few hundred koT to 
few MoT has boon done, fliio onozigy rogioa la of baaie 
latozoat for tho doaiga of faat bsoedor soaetora* Tbo 
throe aaia reaotion aodiaalaas, ooapeuad amoXoua zoaotion, 
direct reaotioa aad dizoot-aoaldiroot (DSD) zoaetioa, 
the i r l i a i t a t i o a a and roeent doTOlopaoata are roriovod. 
Naoh attoat ioa la paid t o tho oMipoaad auolouo roaotioa 
- l ^ z 
ffl«ehanl8B vhieh i s ii8«d for th« ornKprnrLton. of our •taauxod 
ezooo-oootioa ral«t«» In tlio MOftsuxMioiit of aoutxeB 
Iniuotd eroofl-ooetloa, dlffoxont aothodi for tho psoAuotLoii 
of noutzono, dlfforoat toohniquoo of eroas*ooetlOB Boaoiiro* 
Bonta and their quaXl'ltitlTO OMrlto haro aloo liooa glroa ia 
this Chapttr. Tlio aotlTatioa toohalquo lAiioli Is adopted 
la the present oro88<->aeetiOB meaauremeat la glToa la 
Bueh detalla. 
Chapter III ooatalna the ezperinental detalla of 
the radlatlre neutroa oaptiire orosa-seotloa neaaureoeata 
for the 8i3E laotopea ^^°0d, ^^ S^m, ^ '^^ In, ^^'fih, ^ ^ and 
5IY at five neutron eaerglea, 1.07 ± 0.20 MeV» 1.48 4; 0.18 
MeV, 1.89 + 0.17 Me?, 2.30 + 0.16 MeV and 2.85 + 0.15 MeV 
ualag the faol l l t lea of Yarlahle Saergy Cyolotron at 
Panjab UaiTeralty* Chaadlgazh (Xadla). The enriched and 
highly apeopure aanplea irere used for theae measuremeata, 
lAiereaa eoaparatire aotiratioa tedtialque vaa employed. 
The experiaeatal reaalta hare been ooapared vlth the 
atatiatleal theoxy prediotioaa* ao as to eheek i^ether 
atatiatleal theory of auolear reaotioa holda good la 
tbla eaergy regioa. The Tarioua faotora eausing errora 
aad aaeertalaltiea la the experlaeatal reaalta have heea 
dlaeaaaed. 
- V -
In Chapter IT, oonstraotioa and d«8l|pa of a spaelal 
typ« of low onoxsy pzoportioaal oountor has hoon glTon. 
Using th i s ootintor, ths Tariation of ths photo-sseapo 
probability t^ of argon KX-rajs with pressure has been 
estimated. The intens i ty ratio I(KX-rays)/I(14.4 keV y^xny^a) 
for 'Co at f i r e ooiinter pressures has also been detemined 
and compared with theoretical one. 
Chapter V deals with the disagreement of experimental 
K/p^ rat ios for allowed transit ions with the theoretical 
predictions. A possible explanation has been given for 
th i s disagreement on the basis of nuclear structure effect 
and a semi-empirical relation has been proposned which 
explains the deviation of experimental values from theozy. 
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CHAPTBa - I 
INTBODOCTION 
Hitherto a lot of work haT« been done on reaction 
meohanlem and a substantial ImproTement In the theoretical 
knowledge of reaction mechanism has been achievedt but the 
situation regarding It, la still unsatisfactory orrer a 
vide range of mimxgj and over the vide range of the peilodlo 
table, even for a single specific reaction. However, large 
descrlpancles In the erperlmental results reT)Oxrted by 
different groups of vorkers makes It difficult to verify a 
particular reaction mechanism. From this point of vlev 
precise measurements of experimental data Is necessary for 
a more accurate knovledge of the reaction meohanloeBs. 
After the discovery of neutron. It has been regarded as one 
the most useful particles to probe the nucleus, because It 
has no charge and can penetrate the nucleus easily without 
experleneing the Coulomb barrier. At present a large amount 
of experimental data (total, partial and differential cross 
sections) are available in different energy regions, but in 
the few He? energy region the experimental information about 
1) the cross section is scanty '• The advent of high resolution 
dateollora has 8t«ded a araoh Inpzorod teedhmologsr for th« 
?x«oi0« ozos0-8«0tion a«a8uz«ii«iit. 
fh« latexaotioa awdataniMi of nueleo&a with nuclol 
2) oan bo ^T«ai In tho f ranoifozk of tvo a?p]»aoho8 ' , one I3 
oallod iBOdoX trftstaent and o-Usor idiioh i s nore zooeat, but 
t8dlou8» l8 tho many body methoda in nueXear physios. In 
tht f irs t fozmulation, tho dynamlos of the nuoloar oany 
body system was dismisaed as It was Tory diffleaXt to handle, 
and the real state of affairs was substituted by a 
laetheaatloally solvable model. Compound nuoleus-^'* dlreot 
reaction^', dlrect-sealdirectCDSD)^' ' and optical model 
fa l l Into this oategozy* fheso models yield expressions for 
the total oross-seotlons* differential cross-seetlons, 
angular distributions and many other properties of nuelel» 
without really solving the oomplete dynamioal problem. 
The nuolear reaetlon meehanisms i^ldi enable us to 
oaloulate the oaptuz* oxosa 8«otion b«yoad the resolved 
reaonMLoe energy region upto 20 Me? or so* m«y be ramified 
bzeaAly late two oategoriest (1) s ta t i s t i ea l approaoh 
(11) nox^tatlstioal approaeh. 
Xn ^ 8 statistieaX approaeh" the reaetlon takes 
pXaoe thxeugh the oonpoimd nuoieus ferBiation. The energy 
of the Ineident neutron la ahared between many nuoleona and 
-16 . 
the ezelted eompound nuoXeus has a l i f e time (^10 see) 
v^ioh i s long oom»ax<td vltii transit tliis of th« nueX«oa 
t h » » , h t h . « » , l . u . (^10-='^ . . . ) . Ih. d . « . Of «.po««* 
nuolsiis oan )»• ee&sidessd as a statiatloaX pxoaaas and tlia 
spsetzoB of gajsna inqrs wnittod In this dooay oon bo oalou-
Xatod uelag statiatloal nothods* In this a^pzoaeh low 
onorgy gafflma sajrs axo favoured* Coopoimd nuoleua proooss 
may oonronlontly bo dlvidod according to tho numbor of 
compound nuclear states excited by the reaction, and thia 
depends on the energy spread z^ E^ of the incident beam and 
on the ifidthPas well as the level spacing D of the compound 
nuclear states. If ^^S< r<^D, the corresponding reaonanoes 
in the oross-seotions may be analysed by the Bxriet-Wigner 
formulism '• fhis formulism may be extended to the case 
^t<rr^ D where two levels overlap each other. Whenp/'D, 
so that the levels overlap each other and the enezgy spread 
of the inoident neutron beam AE< y, the measured orosa-
a in) 
section fluotuates^' ' as a function of energy, but in 
suoh a oomplieated way that i t i s not t>ossible to identify 
the oontrlbutioas of different l eve l s . If the energy spread 
of the beam ^ B >IV aapr states are excited simultaneously 
but the fluetuations are no longer apparent. The resulting 
energy averaged oresfi-swotions may be analysed by the 
stat iet ioal theory. 
The reaotion metAianism, other than the s tat i s t i ca l 
proeees, mia studied about tw«ityfour years ago by Lane and 
Lyne^' leading to the important developments in the formation 
4 
of a oomplct* thmoxj of radiatlTt oapturo* Basical ly , 
« . . n » . f t . * i . t l o * l p » « . . a . . lOleh » . o u r r . . * ! , I n r . . -
t igatad today aro dlzaol; eaptuxa^' aani-dirtet oaptura'^' ' 
and Yalanoa oaptxu;* ^ . JDlraot and aaBd«>d«x«ot oaptuza 
noahanlatts play tha most laportaat rola lot tha giant 
dlpola xaaonanoa antx^y raglon, vliara tha ooapound nuelaus 
oontrLbutlon Is usually s n a i l . 
The direct capture ' d i f fers in several respects froa 
the ooopound nucleus reaction* Here the Incoming neutron 
enters dlrootly Into an empty part ic le orbit In the target 
nucleus and the excess energy Is emitted In the form of 
electromagnetic radiations. '?his process leads to the 
emission of high energy y^^ays. 
In the sea l -d irect o ^ t u r e process'^' t the incoming 
neutron enters into a she l l model orbit and the excess 
enezsy Is used to give the nucleus a simple exc i tat ion , 
e.g* by excit ing a nuoleon from one orbit to another fozalag 
a tvo part ic le one hole (2plh) excited s ta te (doorway s t a t e ) • 
fha aeeoiiA nuoleon has a ceaaiderable tendency to return 
to i t s or ig inal orbit v i th Y^ e^ay emission and in t h i s vay 
Y*ray « ierg les oorrespoadiag t o s ingle part I d a exci tat ions 
ara faTourad. Xf the aaaxgy of Inooming part ic le i s large 
one oaa get three part ie la tao hole (3p2h} excited atataa 
or s t i l l hlgihar exelted atataa. 
5 
I t la a lso pos8lbl« 'tibat t^a inooaing nautzon azoltas 
a oollaetlTa oaoi l la t lon of tha nuclaue a.g. tha alaotxle 
dipola vibration oonnaotad with giant rasonanca (GDH), 
pzoTidad tha nautxoa anaxgy ia auffioiantly laspga. lapxoTad 
•araiona of tha modals or ig ina l ly daTclopad by Brown ; 
Luahnikov ^ Zaretsky % Clamant, liana k hook ' hava baan 
1^ —16) 
succaasfully appliad by aavaral authors "^  ' to the 
analysis of axpariaantal data in tha wiargy region of 
7 - 20 May • i'hia modal ia called diract-8emidiract(D3D) 
model i^ioh oontains both components of direct as v e i l 
semi-direct pro ceases. 
Neutron radiative capture cross-sect ion measurements 
at higher energies are of f?reat interest as thoy can provide 
a check to the various proposed reaction mechaniama. 
Neutron radiative data in the low energy region vihere 
sharp resonances appear i s f a i r l y wall understood by the 
Briat-Vigner s ingle l e v e l formula • In the keV energy 
7 17—l<ii 
region s t a t i s t i c a l theory approach" ' ^' gives f a i r l y 
20—2'? i 
good agreement with tha expa:d.nental data ^ '^^*, in the 
neutron energy region of 1 to 4 HeY, s t a t i s t i c a l theory 
aooounta f&r the experimentally observed values of (n,Y} 
oroas aeetiona sat is factori ly^ i ^ i l e at energies higher 
than 4 MeT, the s t a t i s t i e a l theory f a i l s t o account the 
experimentally measured (n,y) eross-seotion values ' ^ ' . 
b 
IB thtt ODR «nezigy region of about 7-20 MeT, diroot-aofflidlroct 
(DSD) thoocy ifl f a i r l y auooossful In dosorlblnc tho gonoral 
featuro of tho ozporlaontal eapturo rosuits ^ . In the 
neutron enexsgy region lietween about 4 MeV and 7 MeT, 
coapound nucleus contribution and dlreot-seoldlrect contri -
butions are of equal Inportanoe. Therefore, t h i s region 
should be of Interest because of contributions from these 
processes. 
Apart from the Informations about the reaction mechanism, 
the cross sect ion data are a lso useful In the calculat ion 
of neutronlos for both f i s s i o n and fusion reactors ^ ' as 
v e i l aa In nucleosynthesis calculations "', In the 
measurements of (n,Y) czoss sections the neutrons are 
generally produced e i t h e r by photoneutron sources or with 
accelezrated charged part ic le beam bombarding on spec i f ic 
targets . A brief review of the different methods for the 
production of neutrons and t h e i r adrantages and dlsadvan-
tages In ke? to MeV energy region are glren In Chapter I I . 
Different teehnlques used for the cross sect ion neaauirements 
are a l so given In the same Chapter. Speolal attention Is 
paid towards the activation technique whlcdi has been 
Miployed In the present cross seot lon measurements. 
The major work contained In t h i s thes i s Is based on 
the measurement of (n,Y) ezoss-sectlon/^between 1 NeT and 
n 
i 
5 M«y n«atzon •ii«xigl«s f o r 8«T«:raI i80top«8* fh« present 
wozic was uzkiertalcen to oomploto and ImpiOTo the eaxl ler 
data* v l t h the iiae of h i ^ reaoXutlon Ge (Li) detector. 
The requisite neutrons in the ahore energy region vere 
obtained from T(p,n}%e reaction. The proton bean was 
obtained from Tariable Energy GycHotmn at Pan jab 
Uniyeraity» Chandigarh (India) . The aotiyation techtjique 
vaa «Bployed in the present measurements. The description 
of the measuring technique, the detection ef f ic iency of 
Qe (Li) detector, irradiat ion procedure, choice of the 
standard reaction, flux calibration and analysis of erroi^ 
along with the de ta i l s of indiYidual meaaur^oents hare been 
given in Chapter I I I . The measured {n,y) cross sect ions 
hare been compared with the s t a t i a t i c a l model oalculationB 
due to Holmes e t . a l . . It i s foimd that in general a 
good agreement between experioMint and theory holds. 
for bet ter understanding of nuclear stzuoture and 
properties associated with nuclei generally one takes 
the help of nuelear reaction* Nuclear reaction and 
nuolear etxuotuxe both are complementary to eaoh other, 
and the better knoidedge of e i ther of the two may elucidate 
the other. In the nuclear reaction and nuclear stxucture 
measurements, different type of nuclear radiation detectors 
are being enployed, howerer oTezy detector has certain 
o 
o 
l imi tat ions . AlthouKh psoportional counters have be«n 
supplanted by s«Bi*oonduotor detectors for photon 
apeotxoseopy in the fev keV energy re^sion, i t retains 
i t s importance as an instrummnt tor the measurwnent of 
absolute photon in tens i ty and conversion and auger 
electrons, associated with gamma rays and X-rays 
respect irely . A special type of proportional counter 
has been constructed^ % in lAiich the source can be placed 
internal ly with a pxorision for i t s covering said uncovering 
by an absorber without disturbing the pressure inside the 
counter. The perfozmance of the counter was checked by 
undertaking an experiment to estimate the photo-escape 
probability of photons from the proportional <:»»unter 
f i l l e d at various low pressures. The intens i ty ratio 
I(KX-rays)/I(14.4 keV y-^vasra) for ^'Co has also been 
measured at each pressure and i s compared with theoretical 
predictions. The d e t a i l s about the conetxuotion and 
perfozmaaoe of t h i s proportional counter has been given 
in Chapter IV. 
In nuolear physios many of the aspects of the theo-
re t i ca l description of p-decay has been ver i f i ed experi-
mentally over the years but a few of tiiem are s t i l l 
unsatiafaetozgr. Sleotzion capture and positron Miission 
are the manifestation of tiie weak interaction between 
nueleons and leptons» the leptons in t h i s case are atomic 
«l90t3X>n8 and aeutrinQa. For tht electison oaptura transi t ion 
for MhXdb. positron emission i s snergotioal ly allowed, the 
Infoxmatlon about the oaptuxe shape factor and thereby 
about the d is tr ibut ion of prlaazy holes in the atomio 
orbi ta ls , may be derired from any available infoxmatlon on 
positron shape factor* For t h i s season K/^* ratio i s also 
an important parameter, vhere K/^"*" i s the re la t ire probabi-
l i t i e s of decay by K-eleotron capture and ^* emission. I t 
has been observed that the disagreement between experimental 
and theoretical K;/^ ^ ratio for allowed tsransitioas increase 
with z ' ' . Theoretical K/p"*" ratio exceeds, in general, 
experimental ralxass by 10 - 15/ in medium and high Z regions. 
Efforts have been made^ ^'^' to explore the 3reasons for t h i s 
discrepancy but a sat is factory agreeaaent between experiment 
and theory could not be achieved. One of the reasons for 
the discrepancy between expez^iment and -tiheozy has been 
suggested as the nuclear structure effect''^ ' , whidi i s 
governed by tdtaie excess of neutrons over protons in medituii 
and heavy mass nucle i . A seai-empirioal re lat ion has been 
pxopoeed^^^ vSatda. when taken into account explains the 
experimental values of K/p^ for allowed trans i t ions . In 
Chapter T, the d e t a i l s about K/p'*' rat io and the formulism 
of the proposed seni-wopixieal re lat ion i s given. 
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OHAPTBR - II 
HEUTfiON INDUCBD EBACTI0N3 PROM FB¥ HUNDRED 
s:«v uo Fg¥ M«v 3wsaaT isaion 
2.1 DlffT«nt th«orle8 of n«tttron indttoed rtactloaai 
The nuolear reaction meohanlsns which enable us to 
calculate the neutiron capture oroan-seotion \)eyond the 
resolved reaonanoes meij be decided in three d i s t i n c t 
prooeei^ea and these contribute in different proportions 
depending on the structure of target nucleus and incident 
neutron energies. These three processes aret 
2 .1 .1 Compound nucleus reaction process, 
2 .1.2 Direct reaction process, 
2 .1 .3 Direct - semi direct (DSD) reaction process. 
2 .1 .1 Compound nucleus reaction process: In 1936 
Bohz^' proposed the compound nucleus theory of nuolear 
reaction. According to t h i s oonoept the nuolear reaction 
takes place in two steps . The incident part ic le together 
with the target nuoleus forms the oompound nucleus in irihdoh 
energy i s shared among a l l the nueleons. The compound 
nuoleus then decays to the f ina l products. 3ince the l i f e 
time of the oompound nu(rLeus(^10 see) i s muoh greater 
than the time taken by the ineident part ic le to traverse 
••22 
the nucleus (^10 sec), it is assumed that the mode of 
deoay of compound/ is independent of the mode of its 
ILi 
2 "f) fomat lon. Also th« oonservatioa I&MS *-^' ar« Talid for 
compound auoloua formation and decay. Therefor* to 
oaloulate the oross-aeotlon of a nuclear reaction i t la 
necessary to determine these two prooesaes* that Is* the 
formation of the compound nucleuR and i t s decay* 
Compound nucleus processes may conveniently be 
devided according to the ntimber of compound nuclear s tates 
excited by the reaction. This depends on the enez^y spread 
ji B of the incident beam* on the width p and leve l spacing 
D of the compound nuclear s t a t e s . If the energy spread z\S>r^ 
many s tates are excited simulteneously and the f luctuation 
in the cross-sections are no longer apparent. The resulting 
energy averaged cross-sect ion may be analysed by the 
s t a t i s t i c a l -Qieozy. However, since the ntuoiber of part ic les 
in the nucleus i s f in i t e and much smaller than the number 
required for the applloatlon of the laws of s t a t i s t i c s , 
aoourate agreement between theory and ezperiirant i s hardly 
to be expected^ . 
The basio assumptions of the s t a t i s t i c a l theory are 
almost the same as proposed by Bohx^ . These are2 
( i ) The reaction pzoeeeds v i a a oompound nucleus whose 
exc i tat ion i s high enough to allow a s t a t i s t i c a l average 
over a l l possible phases of the nuclear s ta te s , ( i i ) The 
deoay mode of the compoiuul nuoletis i s Independent of the 
nod* of I t a formation. The a t a t l g t i o a l oodel of nuc lear 
2 5—7) 
reac t ion *'' " I s subject t o the usual requirements 
(a) a high l eve l densi ty in the oonpound nucleus a t the 
i n t e r a c t i o n energy of i n t e r e s t , and (b) inc ident p a r t i c l e 
energies az« s u f f i c i e n t l y low, so t h a t n o n - s t a t i s t i o a l 
proces e s , such as d i r ec t and senii-diiwct r eac t i ons , are 
n e g l i g i b l e . The f o m e r r e s t r i c t i o n causes us ( r a t h e r 
a r b i t r a r i l y ) to consider only reac t ions i n r o l r i n g t a r g e t s 
heavier than neon and with incident p a r t i c l e energies in 
excess of a few ten of k i l o - v o l t s . The l a t t e r se ta an 
upper liiRit of about 4 HeV to t^e reac t ion enez^ies 
considered. 
With the aDplication of eom»o\md nucleus formation 
condit ion and with the conservation of t o t a l angular 
momentuiB J and pa r i t y ic, the average t o t a l cxoss-seot ion 
for the reac t ion I ( j ,k )L averaged over many resonance 
1) 
s t r u c t u r e , may be given as ' 
^Jk ~ J,w ^ k ^^••'•^ 
Now applying the assumptions of compound nucleus 
formation we have, 
t *^ t 
idiere the summation runs over a l l poss ib le r eac t ion 
lb 
arallable to the compound nuclous. Siaoo oquatlon (2.2) 
is nov Talld for oaoh J and % sopaxately, th« factori-
sation of the cxoss-seotlon as In eq,.(2.2} does not Imply 
that the oompoimd nucleus fozgets its total angular momen-
tum and parity. 
The connection between compound nucleus cross-
sections and branching ratios is established by the following 
receproclty theorem, 
vhere k. and k^ are the wave numbers for the relative 
motion of the pair j and k. 
ComblQlng (2.2) and (2.3) we find, 
°f - V "oLptj) (2-*) 
From the optical model the absorption cross-section 
in texms of complex phase shift 6^^ i s , 
o.(ab8) - - I - Z ( 2 1 + 1 ) (l-le^^^jll^) . . . . (2.5) 
3 kj X 
( 1 - le^i^Jl) ^)' ^o^^ ii) .... (2.6) 
where Jj is the spin of the incident particle j (in unit 
of fe). 
From •q.(2.4}> (2 .3) and {2*6) we g«t. 
0 / - L Tl(J) (2 .7) 
vhBV T^{^) « 1 - l / ^ ^ J l 1 ^  
Using equations ( 2 . 2 ) , (2 .3) and (2 .7) we g e t , 
_ . , , Z T,(j) 21 TT.dc) 
J i , ^ (2J¥l) ^,1 ^ ^IX' ^ 
^^ V^ J,n (2Jj+l)(2J^^i) > _ T£'(t) 
* ' ^ ' ^ . . ( 2 . 8 ) 
Here the unpzimed qaantlt les s and 1 (where a la 
the channel spin and 1 la the orbital a n ^ l a r momentun) 
refer to the Incoming channel j of the reaction, the 
primed quantities refer to the out going channels k and 
the double primed quantit ies in the denominator are 
summed over a l l ohannele *t' to nhioh the compound nucleus 
can decay. Sxpreeslon (2 .8) can also be written as , 
« LA Z_ (2J+1) -^ ^ ^^*^' 
^^ (2Jj>l)(2J^+l.) J.n 'I^tCj'') 
irtiere T.(<r*) « Z- T..(j) i e the to ta l tranamission function 
s . l ^ , 
for fozBlng the s tate J in the oompotind nuaLous by a 
combination of I -»- J, T j J * ) - S T, , (k) i s the 
* a ' , 1 * •*-
transmiaaion function for the decay of the atate j ' into 
Ii •»• k . 
T.^^ (j"^ ) m ^ T,"(t) ia the total transmiaslon function 
tf 8,1 
•: o lo 
for the decay of tht oompotoid nuelear s tate haying spin 
'J* and pazlty *ic't sumiMd orer a l l the posalhle ex i t 
channels i . e . 
X 
if/A 
and Xj^ = 1/ ^A^ 
The equation (2.9) 1P the general expressionjBbr 
the tota l reaction cro<?a-section of the reaction I( j ,k)L, 
integrated over to ta l so l id angle, obtained in the frame-
work of Hauoer Feshbach s t a t i s t i c a l theoiy of nuclear 
reaotions^*^''^^ 
8) Holmes e t . a l . ' have made calculation of neutron 
induced reaction cross-sect ions s (n,Y), {n,p) and (n,a) 
using the above expression for the stable nuclei lO^Z^^O 
in the neutron wiergy region of 10 keV^^n^lO i'^ eV and 
for the nuclei 36^Z:^83 in the neutron energy region 
10 key^Bn<3 HeY. They evaluated transmission functions 
and nuclear leve l dens i t ies in the following fashion 1 
The transiaission functions in the part ic le (neutron, 
protons, and alpha) cdiamtels were evaLtiated tislng an equi-
valent equarevell representation of Saxon-Wood optical 
potential ' ^ ' f using the re lat ion, 
Tj(j'^) - I - exp ( - A% St Pf ) (2.10) 
ifh»r» 3 is tht strexigth funotion, ifeioh varlea with enez^ gy 
only slovly except near resonance enexgy region, f is the 
reflection factor and is neazly energy independent and P^  
is the penetration factor of the particle through the 
equivalent square well potential and is nearly energy 
independent. 
The photon transmission function has an entirely 
different form fron that miployed for neutrons, protons and 
alphas. Vtith the assumption that dipole transition is the 
dominant one in the photon channel, the photon transmission 
function was calculated from the following relation 
max 
[ ^ /'C ^ «»j''. ^^ ) o^Jd^ ]d^e (2.11) 
Where the subscripts '^ indicates all excited 
states in the residual nucleus and Bl(indicate electric and 
magnetic dipole transmission functions respectirely and the 
SUB and integrals are subject to the appropriate dipole 
selection rules. 
The nuclear level density formula used in the 
oalottlation due to Holmes et al.^^ vas based on the Back-
shifted Feiai Oas Model and has the following form, 
:0 
/'(e',JSii»)-/!fcot^^'^ f ( e \ J ' , i i ' ) (2.12) 
Ptot ^^'^ ^" ^^* to ta l nuel»ar 1 « T « 1 d»r.t=)ity in th« naol«U8 
of atomie aaas A and moment of Inexiiia *J * at the excitat ion 
enez^y e' giren as: 
^ot^^•) « ^ '^' [l,[l)/l " ^^  ^^« '^' 
(2.13) 
and f(e',J»,Tt') » ^^^I^^^ exT) (-J* (J' + l)/2q^) 
where the Bymbols are defined in reference \ f(e',J',it') 
is the distribution of spins and parities at that fflieigy 
normalized BO that the sum over all spins and t>aritie8 
is iinity. 
The level density parameter 'a' and the tjarameter 
*S' in the equation (2.13) vere determined empirically in 
8) different Z-regions . 
2.1.2 Direct reaction proceaai In contrast to the 
two stag* compound nucleus model, a " one stage" or 
"direct* capture model has been suggested by several 
physieiete '"^•'^', in which the incident particle moves 
through a target nucleus before compound nucleus Is 
formed. During thetaltial period of free motion in the 
mean nuclear potential field, the particle is directly 
captured Into a bond single particle state of the target 
nucleus vhieh acts as the core and radiate energy in the 
hi i . 
12) form of a photon. I t has been shoim hy Cohan ' t ha t no 
faa ture of tha dixeot pzooass depanda s t rongly on aaargy 
or masa-nwubar, and hanoa tha oross-aaot iona fo r tha 
proctas should not vary atrongly with thasa q u a n t l t i a s , 
a t l a a a t halow 50 Ma7 o r so . 
11) Lane and Lynn ' emphasised t h a t the resonance theory 
14.) 1?) 
formaliama of Wigner and Eiaenbud ^ ' and Kapur and Pe ie r l e s -^^ 
are oorreot and therefore they must include both d i r ec t and 
compound nucleus mechanisais fo r any type of r eac t ion . The 
problem of ex t rac t ing d i r e c t c ros s - sec t ion from the resonance 
theory foxmuliam reduces t o evaliaating the aum of the 
resonance term® from the d i s t a n t l e v e l s . On these l i n e s 
11) Lane and Lynn ' made an a t t e a p t to ex t rac t d i r e c t capture 
croas-seot ion froffl fCapur*-Peirels formalisffi. They however 
came to the concluaion tha t t h i s approach gives an expression 
for tha d i r e c t capture c ross - sec t ion , which i s s imi l a r to 
the 8eck*s ' ' phenomenological express ion. 
Let us consider tha t a neutron moving in the complex 
po t en t i a l f i e l d of i^e t a rge t nucleus makes a d i r e c t 
t r a n s i t i o n to one of the unf i l l ed part idLe s t a t e in the 
nucleus, fiestrioting the disoussion to the e l e c t r i c d ipole 
rad ia t ion and using the standard expression for e l e c t r o -
magnetic t r a n s i t i o n p r o b a b i l i t i e s , the c ross - sec t ion fo r 
d i r e c t capture of neutron may be wr i t ten in the fora 
-n.? ",ff2 (- ¥ )' E ( S )' (1*1'*1)|R5/\.,.1^ (2.14) 
wh«re 1 and 1' ar« th« r«latly« orbital angular momenta 
baforv and af ter the transi t ion respectiTely, Z and A 
are the charge and mass numbers of the target* M and k 
are the reduced mass and vave number of incident neutrons 
respectively, EY IB the photon energy equal to the 
difference (K' - S^^ ^) between the i n i t i a l and f inal 
nucleon energies, fi i s the nuclear radius and l-t/y i s 
the dimensionless dipole integzal written as , 
f \5 
hn = "^^ ^^ I '^i ' ^^ ^ %^^^^'^' (2.15) 
a 
where Uj^ ,(r) is the radial part of the final particle 
ware function, normalized by, 
j [ U,,,(r)]^r2 ^^ ^ ^ (2.16) 
and s a t i s f i e s 
ar r 
(2.17) 
where, y(r) is the real part of the nuclear potential. 
'(r) is the radial part of the component of the 
incident wave of angular momentum 1' and satisfies, 
f IR ^  ~2 ^ ^'f|'^ "^  ) + V + i¥-E»] rf^A^) - 0 
.......(2.18) 
irtiere W(r) i s the imaginary part of the nuclear potent ia l . 
Th« eTaluatlon of dipola Integral using the equations 
(2.15) to (2.18) is quite difficult, However, it was found 
)>y Lane aad Lynn that capture oross'-^ seotion ex^ oreasion in 
the present approach is similar to the Beek*s phenomenolo* 
^loal ezpressioni 
^ny <^) ^ -f 5:|<«(^')1 H|Yt,>l/^ (2.19) 
Lane and Lynn ' derived a simo^ler equation under 
certain approximations, to get an order of magnitude of 
the direct capture process. Using the square v e i l potential 
and including the contribution to the e l e c t r i c dipcle 
transit ion matrix element only for distance les3 than the 
nuclear radius, the expression for the direct capture 
cross-section i s roughly given by, 
^0 ^ 6(Z/A)^ R^(^n)^/^ B? X 10~''Q ^^^^ 
^"f '^ 2+Bn/2-».16.8(En)V2/H 
. (2 .20 ) 
Where Z and A are the charge and mass numbexrs, R i s 
the nuclear radius in fermi, £^ la the neutron enez^y 
in MeV and BY in the radiated photon enexgy, ranges from 
En to (Bn>B), where 3 i s the binding energy of the neutron. 
In deriving equation ( 2 . 2 0 ) , Lane and Lynn ^ 
included eoatribution to the e l e c t r i c dipole transi t ion 
matrix element only for distances l e s s than the nuclear 
radius. However, in the l a t t e r publication Lane and Lynn ' 
shovtd that at 14 MeY th« orosa-seotlons predloted by 
&qv).(2.20) are Inoreaaed by roughly a factor of 4 If 
oontributiona to the o loc tr l c dlpole integral for radial 
dletanoes r ^ fi are not neglectedi Latter, Daly et fll. ' ' 
showed that the rounded potential of the Saxon-Wood form 
deoreaaea the direct capture oross-aectlon from the 
calculations given by Lane and Lynn. For 14 MeV neutron 
and heavy nuclei the square well calculationa wore reduced 
by^roughly a factor of 8 when Saxon-Wood potential was 
used. This reduction in croaa-aectlon i e primarily due 
to part ial cancellation of in ter ior (r<R) and exterior 
(r'^R) contributions to the e l e c t r i c dipole in tegra l s . 
With the ava i lab i l i ty of suff ic ient number of 
experimental data in the high neutron energy region, i t 
has been revealed * that the direct capture model of 
Lane and Lynn ' ^ ^ fa i la by an order of magnitude to f i t 
the observed capture croaa-sectiona. Moreover, i t does 
not give the peak observed in (n,^) croas-aaction data, 
but predict a fa ix ly conatant value above the coulomli 
barrier, 
^•^•3 gireot-Bemi^direct (D3D) reaction proeeaai The 
direot capture Kodel of Lane and Lynn^^^ fa i led by an order 
of aagnetude to f i t the observed capture crosa-sections 
for the Inoideat neutron energies of 10-20 MeT *^^ '^ ® .^ 
Boawn^' and Clement et al, ' have ahoim that In addition 
to •direct' capture, 'seml^direct* or *colloctlTe* capture 
through the giant dipole states of the nuclei ia important 
in the energy region of 7-20 MeV^^"^^^. It ia found that 
DSD model ie fairly sucoesaful in descrihing the general 
feature of the ezpexrimental capture results in GOB region. 
For the energies near the dipole resonance, this collective 
mode of capture vas fo\md to be completely dominant. It 
was assumed that the charge and mass densities of the 
nucleus are capable of shape oscillations in various 
multlpole modes, and the nuclear potential oscillates in 
the same modes of thepe densities. Due to this oscillation 
of the target nucleus the incident particle will not 
experience a spherical symmetric potential as waf; asstuned 
in the direct reaction model of Lane and Lynn \ hut 
rather the potential will be slighly deformed. Collective 
modes of the target nucleus can be excited through the 
interaction with the incident particle. For incident 
energies near the giant dipole resonance, the incident 
nucleon and the tax^et nucleus interact to give an 
intermediate state in which the former is in a bound state 
and the latter is excited to its giant dipole state. The 
giant dipole state then decays by gaauaa emission i^ioh is 
much stronger than usual decay probabilities of collective 
states. Hence one reasonably expect relatively large 
capture oroas'-neotiona from th i s oolXeotlre (semi-dlreot) 
OaptU£« pro0988 • 
In tha dlrect-seraidlreot (DSD) proee«<? for th® faat 
nuoleon radiative capture» the tranalt ion amplitude i s the 
sum of transit ion matrix element for the direct process 
( in which the incident nucleon in the f i e ld of nucleus 
experiences a direct radiative transi t ion to the s ingle 
part ic le bo\md sti^te of the residual nucleus) ano the 
transit ion matrix element of seffll->dlreet or co l l e c t i ve 
process ( in which the incoming nucleon i n e l a s t i o a l l y 
scatters I t s e l f into a s ingle part ic le hound state of the 
residual nucleus and exc i tes the target nucleus into the 
co l l e c t i ve dlpole s tate which aubsequ«atly decays hy y-ray 
emisaion). The l a t t e r process i s considered to be dominant 
and the strength of the target nucleus dinole exci tat ion la 
related to the strength of the isospin component of the 
opticsJ. model potential . 
Longo and Saporetti^^*^^' had shown that the possible 
interference contribution between the direct and semi-direct 
processes gives an interference term of the Briet-Vigner 
form, lAiioh improves the agreement between theory and 
experiment. Ihe nature of the interference may e i ther 
be oonatruetive or d e t r a c t i v e as wel l as sero. At the 
peak of giant dlpole resonance (OOB) the interference i s 
2"' 
found to ba eonstmotive mid b«low th« poak It i s dlstxuc' 
t i r « . 
The oxx>ss-'aectlon for the to ta l dlpols capture 
process has the form *^^ 
cr _. = - x — ^ 
'JSD 
( 2 . 2 1 ) 
9fe'^k' 
where the matrix elements are related as 
% ^ f « ^1-^f ^ ^ i ->f 
M^ ^^ *^^ ^ i s direct-aemidirect (DSD) matrix element, \ ^ 
^^^ %-Xf ^^ ® '*'^ ® direct and semidirect matrix elements 
respect ively. 
In Squation (2«21) M i s the reduced mass, k' and 
k are the incident nuoleon and photon wave numbers 
reepeotiTely. The to ta l BSD oxoss-seotion af ter the 
subst i tut ion of matrix eleaAnt ralues , can be written 
more e z p l i o i t l y as '^  > 
DSD 
<rr i->' " ^ ^ I /v')'-i('^)*^ 
/u^(r )h (r )u . ( r )dr i 2 
+ J « I 1 (2.22) 
where Uj^(r) and u^(r) are the radial part of the s ingle 
•' 'i 
particle wave fimctions of inooming nucloon and of the 
captured auoleon respeotlTely, S la the enei^y of emitted 
gaioma ray (equal to the sum of incident and bound state 
neutron energies). B^ ar.d f are the ©xoltation energy 
and width of the giant dipole atate in the tazget nucleus. 
h(r) is the conplex particle - vibration interaction of 
the fonn^^^ 
h(r) » const. ?i[Vj^ f(r) - Ai.^^ b ^ | ^ ] (2.23) 
vhere V^  and W^  are the strength of the real and isiaginary 
parts of the aymmetry potent ia l , b i s the diffuaeneaa 
parameter in the Saxon-Woods form factor and f (r ) i s the 
nuclear density form factor. In a phenomenological sense 
the imaginary term ia a way of including other type of 
simple partic le-hole exeitationa in the description of 
the reaction process. With th i s coupling function h(r ) , 
rather symmetric resonance shapes are obtained with 
r e a l i s t i c V^  values. But a somewhat disturbing fact i s 
that the strength of the imaginary tezm, required to f i t 
the experimental data* i s rather large, particularly for 
heavy nucle i . 
2«2 Production of Neutrons pf Bnergy from few Hundred 
In the above energy region neutrons are generally 
prodtused e i ther by iradio&otlve neutron sources or by 
the U8« of aooelerated charged paxticles like protons, 
deutexonst trltons, and a~partlcXea etc. In the former 
method, generaly (a, n) and (Y* n) reactions are used 
for prodttotion of neutrons. The use of these neutron 
souroea are hoverer limited to the production of neutrons 
at isolated energies helow 1 MeV. Here a-particle and 
Y-rays are employed from natural iradioactlTe isotope and 
artificially produced radioactive Isotopes respectively. 
From the point of vleir of practical utility, following 
are the neoessazy requizwments for the production of 
neutrons! 
(I) Yield of neutrons for a given flux of the bombarding 
particle must be high. 
(II) The source should provide high flux of monoenergetlc 
incident particles a* an energy above the threshold 
of the nuclear reaction yielding neutrons. 
(III) The energy spread associated with the emitted 
neutrons should be small. 
There are many possible (a,n) reactions, but only 
a few, those with the highest neutron yields, have gene-
rally been used in the preparation of neutron souroes. 
Although (a,n) neutron souroes have oomparatively large 
neutron yields in oomparision to iyttk) souroes for the 
same gamma ray intensity. The (Y»<^) souroes have a 
^0 
rather w«Il doflned onezgy spectrum. These are therefore 
•aluahle in many applloationa, i^ere the energy apectram 
of the neutrons i s important as i t i s a pre-requisite 
for the neutron induced eross-seotion measureatents* 
2.2 .1 Photoneutron Sourcesi Here neutrons emission 
are caused by the absorption of photons, provided the 
photon energy i s greater than the neutron binding energy 
and the energy of emitted neutrons i s determined by the 
difference between the photon energy and the neutron 
binding energy. There are only two nucl ides , deutcritim 
and beryllium, which hare low threshold for (Y»n) reactions 
i . e . 2.26 + 0.003 MeV and 1.666 + 0.002 MeV respectively. 
The others have threshold more than 6 MeV. Since no 
radioactive nuclei which emit gamma rays of such higher 
energies are known, photoneutron sources emnloy only 
bezyllium or deuterium. 
Different photon sources surrounded by deuteriiun or 
beryllium have been used to obtadn neutrons with discrete 
energies from 24 keV to 830 keV. Wattenberg^*^^ and otheJi*'^^ 
used ^^Na, 5*Mn, "^ O^a. ^^^3b, ^"^la and ^^^In as the 
sources of high energy gaama rays and prepared ten 
photoneutron sources, fhe de ta i l of these photoneutron 
sources are given in Table 2 . 1 . 
e^  i . 
Tal>l« 2 .1 I Charactttxlatlos of som* photonautron souroes 
f^ergy of the Standard y l a l d 
S.!.o. Photon.ttt- H.af L l f . B fM,T) 3 m l U , d : .e«- (njutroas/em^-
ron aoureea o f t h . 3.(„^Y) [ j „ j ^ ' ^ ^ ^^ 
aourca 1 cm] 
1 . aJ^-i-30 1 4 . 8 h r s 2,76 0.330-H0.O4 14 x 10^ 
5. 
a 0.967+0,005*. 
2 . N^^+ 0„0 14.?^ h r s 2.76 0 .220+0,02 29 x 10^ 
B, c — 
3 . .^ [56^ 5^ 2.59 hrg 1.3» 2 . 1 3 , 0 .140+0.03 2 .9 x 10^ 
"^ 2.7 
4 . M^^+ 0^0 2.59 h r s 2 .7 0.22 0 . 3 l x 10* 
(P^+ 3e 1 4 . 1 h r s 1 .87 , 2 . 2 1 , 0,270 5.9 x 10* 
a 2 .51 
6. Q^^-^- S\0 1 4 . 1 h r s 2 ,5 0 .130+0.02 6 . 9 x 10* 
a 'i "" 
7. ^]^^+ ^^ 54.34 'Rin 1 .8 , 2 . 1 0,300 0 . 8 2 x 1 0 * 
8 . 3 ^ * + Be 60 days 1.67 0.024+0.005 19 x 10* 
9. Li*^+ Be 40 hors 2 .50 0 .620+0.07 0 .2 x 10* 
0,762+0,007=* 
10 . L I * ^ + DgO 40 hra 2,50 0 .151+0.008 0 . 7 x 10* 
^ Due to Mueok and Benseh, J, Nucl. Bngg. 27 (1973) 857 (Ref. 30). 
•5 ^ 
The main dlsadTimtage of these sources are the hazards 
and the d l f f l ou l t l ea associated with the high Intensity of 
the gaoaa radiations. Moreover, gafflma rays l ikewise scatter 
in the target and remain no longer oonochromatic. iPurther-
iBore, since the strength of these sources decreaaea according 
with their h a l f l i v e s , theae can not be used in experiments 
whe3?e a conatant neutron flux i s required for a longer duration. 
2 .2.2 Production of ileutrona with Acceleratorst The 
bombardment of charged part ic les liJces protons, deuterona, 
t r i tons , a-particle and heavier nuclei on suitable targets , 
y ie lds neutrons. Ihese types of neutron sources have three 
fold advanta,«es over the former ones* 
(1) Helativity much higher flux of neutrons can be obtained. 
( i i ) Ihe flux may be controlled and made constant for a 
longer irradiat ion. 
( l i i ) Neutrons can be obtained at different energies in a 
oontinous manner by varying the energy of the bombar-
ding p a r t i c l e s . 
In the keV and MeV energy region generally protons 
and deutrons are employed as pro;jectiles. With the available 
reactions whioh y ie ld monoenergetic neut2x>n8, i t appears 
possible to cover the neutiron energy range from a few keV 
to 30 HeV. Given a requisite reaction, a strong ourarent 
of fflonoenergetic projec t i l e s and a thin target , the 
ntutrons •nczging at a glT«n angle with respect to the 
projec t i l e direction hare a def in i te energy, and the 
emission i s greater in the forward direct ion than the 
backward direct ion. The relationship between the neutron 
energy Sn, the angle Q, the projec t i l e energy Ej, the 
reaction Q value and maaaes of the part ic les envolved has 
been ^;iven by Lisken and Paulson' » ^ ' for 'Di(T),n)'3e, 
T(p,n)'He, D(d,n)%e and T(d,n)*He reactions. The re la t ive 
neutron y ie lds of these reactions at eero degree forward 
direction has been shown''' in i'ig. 2 . 1 . 
(A) Intemediat^ and Fast neutronsi 
Neutrons in the energy region of few keV to few MeV 
are produced generally by (p,n) reaction. 3y bombarding 
thin targets with protons of energy only s l i gh t ly above 
threshold i t la possible to obtain mono-energetio neutron« 
of re la t ive ly low energy. The minimuiB energy obtainable 
from such sources i s linsdted by the fact that , at proton 
enexgies only s l i ght ly above threshold, there are two 
neutron energies corresponding to each angle of emergence*''* . 
However, as soon as the aper. angle of cone of neutrons 
emergence becomes 180^, the energy-angle relationship i s 
unique. In th i s respect, the heavier the target nucleus, 
the lower the energy at wfaioh the nuetrons for a given angle 
are monoenergetio. In the above range a few reactions are 
used for the production of monoenergetio neutrons whose 
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pxop9rti«8 ar« g±r9n In Table 2.2* aotong which 'Li (p,n}'Be 
and T(p,n}^He reactions are generally used. 
Table 2.2 } Properties of some (t>»n) reactions 
4 vadues Observed Neutron Energy, 
Reactions (MeV) E^^ f^.min^ 
(He?) (keV) 
% (p,n)^He -0.764 1.019 + 0.001 63.7 
'^Li(t3,n)'^Be -1.644 1.881 + 0.002 29.4 
^^Se(p,n)^^Ti -2 .79 2.908 + 0.004 1.35 
^H (p,n)^^Cr -1.532 1.565 + 0.0015 0.58 
7 7 Iii(p.n) Be. This reaction has been widely used in 
producing the monoenergetic neutrons in the kilovolts 
region givwi by, 
• 7j,i ' ^ 7g^ _ 1.646 MeV (2.24) 
I "^  ^ 0 4 
The threshold proton energy for t h i s reaction i s 
1.881 HeV. Because of centre-of-mass motion the minimum 
monoenergetic neutron enexgy available at the angle other 
than zero i s 120 keT with the exception of a gn>up of 30 keV 
neutrons produced in a narrow forward cone just at threshold, 
Neutrons between 1 to 120 keV can be obtained at angles 
greater than 90^ with rtspaot to the proton beams* A 
second group of neutrons complicate the s i tuat ion at 
higher bomhardnent energies although the second group 
neutron y ie ld i s comparatively Tery much low. Hence 
th i s reaction i s generally wel l -suited for producing the 
neutrons between few keV to 600 keV, which nay be obtained 
with the protons below 2,37 MeT. 
•a 
T(p«n)'^He : One of the most eoiamonly med target for the 
production of monoenex^etio neutrons in the energy region 
of 600 keV to 5 MeV, i s trisium (%) . Unlike '^i:.i(p,n)'^Be 
reaction T(T),n)'^ He seems to presoit no d i f f i cu l ty as 
3 there i s no low lying excited state in He, which would 
have produced secondary group of neutrons causing the 
complexity in the neutron spectrum. The T(p,n} He 
reaction i s endothermic by 0.764 MeV so that the laboratory 
threshold i s 1.019 MeY. 
^p + | H ^n + |He - 0.764 MeV. 
Near the threshold, because of centre-of-mass motion, 
the neutrons wi l l emerge in the forward direction in a 
narrow cone. As the proton energy i s increased, t h i s 
cone opens u n t i l , at a laboratory energy of 1*148, the 
cone f ina l ly incl\;ides a l l d irect ions . From 1.019 to 
1.148 MeV, the cone i s directed forward and any angle in 
the cone wi l l have two energy groups of neutrons, the 
lower energy group i s however much l eas intense. Just at 
threshold the two g2»up coincide in energy giring neutrons 
of 63*7 keV. At suf f i c i ent ly high input enex^y, the 
reaction aay be aocospanied by t e r t i a i ^ and higher processes. 
Sowerer these processes donot complicate the neutron 
spectrum, but do detract from the neutron yie ld at about 
10 MeV. Some of the characterist ics of I(p,n)'He reaction 
i s shown in irigures 2 ,2 , 2.3 and 2.4* 
(8) fas t and Very Fast Meutronst 
The (d,n) reactions are generally strongly exoergic 
a'id are useful in producing fast neutrons in the range 
from few MeV to 30 MeV. if'or deutrona with a given kinet ic 
energy, the neutron energy i s uniquely determined by i t s 
angle of emergence, provided that the reaction goes to the 
ground atate of the product nucleus. Since (d,n) reaction 
of t h i s category are strongly exoergic, these reactions 
have no thzreshold and nuetrons are released at deuteron 
energies approaching 2sero. Devices which can accelerate 
deuterons to an energy of a few k i lovo l t s are usable as 
sources of neutrons. Among the few (d,n) reactions whose 
properties are given in fable 2.3» only two have proved 
valuable as sources of monoenergetic neutrons. They are 
D (d,n)%e and T(d,n)*He. 
T{p,n)3Hf 
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Tablo 2.3 i Properties of some (d,n) reactions 
Neutron Energy 
Ejj(yor E^«0 MeT) 
2 .45 
1 4 . 1 
B^jjaO.328 
4 . 8 
1 3 . 3 
3 .44 
D(d.n)%e I This reaction has been extensively used for 
the production of neutrons in the energy region of 2.5 to 
10 MeV. One of the convenient oharaoteristioa of this 
reaetion is» that it has high yield for low bombarding 
energies, whieh makes it particularly useful as a neutron 
souree with low voltage (<lHeV) particle accelerator. 
These neutrons are monoenrgetie upto bombarding energies 
of 10 MeY. 
The Q value for this reaction is 3.265 MeV and 
therefore at deuteron energy of about fev hundreds keV, 
the neutron energy varies around 2.45 MeV depending upon 
the angle of deteotion* However, the wel\ tmlted range 
of neutron enexgj using this target is observed between 
2.5 MeV to 10 Mev. 
T(d.n) He : This reaction ia most strongly exoerglc of 
the reactions capable of yielding mono energetic neutarons. 
It can provide neutrons from 12 to 30 MeV by using deuterone 
of upto lu MeV. The reaction equation In 
^p + 'j^ H ^ J^n + ^He + 17.6 MeV (2.25) 
The very high Q value of the reaction i . e . 17.586 Me¥ 
makes possible the production of such energies with re la -
t i v i t y low input energies. Because of th i s high Q value* 
the neutron energy i s re la t ive ly insens i t ive to the angle 
of emission, for the region of low deueron bombarding 
energies {^ 100 keV) and high reaction cross-sect ions . 
At deuteron energy of 200 keV the neutron energy varies 
o " 
around 14.1 MeV, at 90 by only about + 7/^ . 
2.3 Different Techniques of Measuring Neutron Ci^ pture 
Cross-seotions t 
There are various techniques of measuring neutron 
capture cross-sect ions , of vhich the following thzree have 
extensively been employed) 
2.3*1 Prompt gauama-rays measurement technique. 
2.3*2 Soherioal she l l transmission technique. 
2.3*3 Activation technique. 
d J 
2.3 .1 ProatitY~rayg m»asm»ntnt teehniQtt«i In thlfl 
technique^ ' , the target nucleus by capturing a neutron 
l9 excited to a s tate lAiose exc i tat ion energy ranges fzom 
5 to 6 MeV above the ground state as a resiiLt of binding 
enexgy of the neutrons in the nucleus. This energy i s 
generally released in a time l e s s than 10 sec in the 
fozm of gamma rays* idiich f ina l l y cascade to the ground 
s ta te . Since th i s occurs for a l l capturing isotopes, 
the detection of prompt gamma rays provide periiaps the 
most general appreciable method for capture cross-sect ion 
measurements. Howerer, in practice i t la not so simple 
because of lack of the iTdovledge of prompt gamma z^y 
spectra to such a high excitat ion energy, the lack of 
high ef f ic iency detectors for hl^h energy gamma rays and 
the back ground problem. In the far keV region the 
energy of the neutron i s selected by timc-ofofl ight 
technique and the capture oross'-section measuxred using 
th i s technique eliminates moet of the background 
radiation, as the prompt y-rays are measured in coin-
cidence with the timing pulee. A further requirement 
i s for the detection ef f ic iency to be independent of the 
capture gamma ray spectrum as t h i s can vary substantial ly 
with neutron energy. Hovever, th i s technique i s applicable 
only for separated isotopes . 
\ 
V 'J 
2*3.2 SphTloal 3h»ll Trapaalaalon Jechnlqu^i The 
absolute absorption oxosa-seotlon aeasured with th i s 
technique la one of the most accurate method for measure-
ment of capture orose-seotion, a t least at ene2%lee where 
i n e l a s t i c scattering does not occur. The principle of 
•57) 
th i s technique"^ ' for measuring the capture cross-sect ion 
i s as followst *An isotropic neutron source i s surrounded 
by a spherical she l l of material which can only e l a s t i c a l l y 
scat ter the neutrons, then the number of emitted neutrons 
through th is she l l wi l l depend upon the capture cross-
section of the material'* This method does not require 
the absolute detection ef f ic iency and therefore give quite 
accurate capture cross-sect ions . This technique has few 
disadvantages a l so . For example, i t can be used with only 
homogeneous neutron sources and require large samples, and 
therefore i s l imited for those elements which are mono-
i so top ic . The corrections for se l f - sh ie ld ing e f fec t s are 
some times very d i f f i c u l t to evaluate in th i s method. 
Since the spherical shel l transmission method can be most 
conveniently used with an i sotropic source, photoneutzon 
sources are best suited for such measurements. 
2 .3 .3 Activation Techniques The method of act ivat ion 
crosa-seotion measurement * i s based on the formation of 
radioactive nuclides as a result of reaction between the 
incoming nuclear paxrtloles and the isotope of the pazrticular 
4^ 
el«m«nt. There are many nuclear reac t ions idiioh can be 
u t i l i s e d for t h i s purpose hut our i n t e r e a t i s confined 
only to the (n .y) reac t ion cross sec t ion in the nt^utron 
energy region of fev MeV, Although t h i s method has 
several adrantages , but I s l imi t ed fo r those isotopes 
which are s t ab l e and whose product nucl ides are uns table 
and have convenient hal f l i v e s . Moreover, the decay 
scheme of t he prodiact nucle i shotild be well e s t ab l i shed . 
The high psensitivlty with which t h i s induced a c t i v i t y can 
be de tec ted , and the' ind iv idua l ly c h a r a c t e r i s t i c modes 
of decay of each radiosotope leads to the many advantages 
Inherent in t h i s technique. 4mong these spec ia l advantages 
are exteremely high s e n s l t i v i t y i s e l e c t i v i t y and the 
p o s s i b i l i t y of non-des t ruct ive ana ly s i s . Cross-section=' 
•KQ) 
'v 1 i^b have been measured ' using ac t iva t ion technique. 
The treatment of general decay r a t e equation governing 
the nuc lear tzranefomation and the decay of the a c t i v a t i o n 
product i s b r i e f l y discussed* In the case of neutron 
i :eradiation the r a t e of production of any a c t i v i t y , R 
in a given sample i s expressed a s : 
fi_ erf :JQ ( 2 . 2 6 ) . 
-i^ ere 4> is the neutron flux per cm per second, 11o(a>ml^ f/A^ ) 
is the number of target nuclei of the isotope tmder 
investigation present in the sample, m is the mass of the 
sample in graun, N is the Arogadroti number, f is the 
-^ " f J 
ab\mdano« of the iaotope in th* target» Ao la the atomic 
weight of the element and cr i s the act ivat ion cross-sect ion. 
Let t he the length of Irradiation of a sample by a 
constant neutron beam with flux cp which y ie ld a certain 
radioactive reaction product X, on being Irradiated with 
neutrons. Ihe equation which goremr« the growth of X 
type ac t iv i ty during irradiat ion may be written asi 
I I » ad^Ao-^xX (2.27) 
where a la the reaction cross sect ion, X I s the decay 
constant of X type of activated nuclei . I f the iirradiation 
Is carried out for time t-., then the a c t i v i t y of X-type 
nuclei in the specimen at the instant when irradiat ion of 
the aample was Just stopped, w i l l be given by 
1 - XQ - a c1j3 lio (1 - e"^*l ) (2.28) 
here (1 - e"" "^  1) Is cal led the saturation factor . 
Now If the ac t iv i ty of the prodtioed radioactive 
nuclei X i s measured af ter a time t* from the stopping of 
the irradiation then the ac t iv i ty at liiat moBMnt w i l l be 
g lv« i by, 
f | . . W e - ^ * ' . X , . A a - ^ * ' 
No - a f Nod - e'^^De""^*' 
or. dX « f uo (1 - e"'^*l)e'"^*'dt' (2.29) 
L«t us supposft that C la th« actual nuralier of 
dislnt«gratlon» txom the radioaotlY* aaaple of th« 
8T>«oifio type In an interval of time begining at time t2» 
subsequent to the interruption of the irradiat ion and 
stopping at tiite ( t2 + t«) measured front the same reference 
time, the cesa&tion of irradiat ion. Then nuaher of 
aieintegrations "irill be obtaiiiei by integrating EqTa.l2.29) 
in the time interral tg and ( t2 ^ t^ ) , 
\ t f t 
i . e . [dX » 0-9 Mo (1 - e ' ^ ^ l ) / ^ ^ e"'^ *' dt« 
Xe^*2 
Let k i s the number of counts observed during the 
time interval t , by the comiting device, e ia the detection 
eff ic iency of that detector, '&' being the geometry factor, 
cp i s the relat ive intens i ty of the particular gamma l i n e 
and K i s the correction factor for gamma aelf-absorption 
in the disc shaped sample given as ' 
K: » [ l - exp{-}Ad)]/nd 
i^ere \i i s the gamma-ray absorption coeff ic ient taken 
from Keferenoe 41 euid d i s the thiokness of the dii^ o^ 
shatjed sample under invest igat ion, then the actual number 
of dis integration 0 id.l l be given as. 
C - A \ ^ or A « C c C K ^ . e , . . . (2.31) 
From 6;qu.(2.50) and (2.31) on« may ge t . 
( 2 . 3 2 ) 
" - to ( ^ ( l ) . e . e . t L l ' - % S p F - l i i f i u - « x p ( - A i ^ } j 
Thia Equation i s used t o measure the a c t i v a t i o n c r o s j -
sec t ion by gamma-counting technique. 
Since the abaolute measurements of neutron flux 
cp involve complications, wo have adopted comparative 
a c t i v a t i o n technique in u^iich the r e l a t i v e measurements 
were ciade by i rradiat injg the r?tandard samples simult -
neoualy with the specimen sample by pu t t ing the l a t t e r 
in between the two f?tandaxd aamples to be s tud ied , and 
then by studying the a c t i v i t y of both in the same geometry. 
I t ig worth while t o say that in t h i s method we take (<pG) 
as a s ingle parameter to bypass the geometry f ac to r 'G' 
separa te ly , which i s suppose to be present i m p l i c i t l y in 
liquation (2 .32 ) . 
In ac tua l p rao t ioe severa l precaut ions amd cor rec t ions 
are srequirtd. Special oarea must be taken in recording 
Xyt t ^ and t . for the short h a l f - l i f e as well as fo r long 
l i f e oases . 
When the a c t i v a t i o n eross-aee t ion i s l a r g e , the 
a c t i v i t y induced by the (n .y) reac t ion v i l l y i e ld a 
rad ioac t ive source vhioh can be measured convenient ly. 
auch as by ooaparatlve activation technique explained 
earlier. But when this favourable condition does not 
exist, the activity may be too weak for reliable 
measureaentg, Because the radioactive product in the 
(n,Y) reaction la iaotopic with the target, no chemical 
concentration to develop a source of higher gpeciflc 
activity is possible ordinarily. An exception to this 
rule la provided by the Sailard-Chalmers reaction^ '. 
In this reaction the radioactive product may be separated 
from the Inactive i<30tope chemically. Atleast three 
conditions auat be aaat to make a Szilard-Chaloers reaction 
sucoe^aful. '^irst the x-^ tdloactive atoai.? mutt he separated 
from the taolecules to ^ich they belong. Hence the target 
must be a chemical compoxmd. Secondly the radioactive 
atom muat not re combine with the parent molecules and 
thermetl exchange with other inactive molecules must be 
alow. Finally a chemical method must be found for 
removing the radioactive atoms in their new chemical form. 
The first condition is rather easily met. The gaaasa rays 
emitted from the product atoms in the (lyY) reaction can 
provide recoil energy sufficient to bzreak the chemical 
bond between the radioactive atoma and the moleculea to 
which they belong. Experiments have proved that recoil 
energies in the {n,y) reactions are sufficient in many 
oases to rupture ohemioal bonds which hold the radio-
active atoms in their molecules. 2he second requirement 
of ab3«no« of oh«mlcal exchange of radloactlra atoos utth 
similar inact ive atone in other molecules i e trndoubtedly 
most diff ieixlt t o meet. Therefore, i t seMia probable 
that the exchange rate provides the chief l imitat ion on 
the eff ic iency of the 3«ilard-Chalraer reaction. 
The third requirement of a convenient Chemical method 
for separating the radioactive atoms from the i r inactive 
isotopes i s met in various ways, depending upon the 
chemical properties of the radioactive atoms. In the case 
of halogen compounds, extraction with water often gives 
suff ic ient y i e l d s . Separations baaed on diffexrences in 
oxidation s tate before and after neutron capture have 
also been ouocessful. Because of the s tate of ionization 
of the radioactive atoms, i f the material to be separated 
i s in the form of a gas , the active atoms msiy be col lected 
on the charged e lectrodes , both pos i t ive and negative 
electrodes picking up radioactive atoms. Obviously the 
Szilard-Chalmers reaction i s of greatest interest in 
relat ion to the measurement of neutrons act ivat ion 
cross sections in s i tuat ions whesre the bui l t up a c t i v i t i e s 
&X9 very weak, but in th i s technique the sample required 
i s very large. 
tie * 
R«ffrffi9f? 
1. li, Bohr, Ilatur« 137 (1936) 344. 
2. P.E. Hodgson, Nuolear fisaotlons and Nuol«ar 3 t rue tu r« , 
(Oalartndon P res s , Oxford 1971) 284. 
3 . J .B. Marrlon and J.L Powler, Past Seutron Physics , 
( In te rsc ienoe Pub l i she r s , Heir York 1963) Part I I , 1525. 
4 . tt.R. lioy and 3.P. Nigam, Nuclear Physics, (John Wiley 
and Sons I n c . , New York 1967) 200. 
5. Ii. Wolfenstein, Phy. Rev. 82 (1951) 890. 
6. W. Hauser and H. Feshbach, Phy, , ev. 87 (1952) 366, 
7 . S, Vogt, A-drances in i iuclear PhysiCR, (Plenum Press , 
New York 1968) Vo l . 1 , 261. 
8. J.A. Holmes, 3.E. Woosley, W.A. Powler, and B.A. 
Zimmerman, Atomic Data and Nuol. Data Tables 18 (1976) 
305, Orange Aid Reprint OAR-422 (1975). 
9. G, Michaud, L. Soherk and E. Vogt, Phy. Rev, CI (1970) 
864. 
10. Q. Miohaud and W.A. Powler, Phy. Rev. 02 (1970) 2041. 
1 1 . A.M. Lane and J .B . Lynn, Proo. I n t e r . Conf. Peaceful 
Uses of Atomic ^ e r g y , Geneva (1958), 7 o l . l 5 t Paper P/4. 
12. B.L. Cohen, Phy. Rev. 100 (1955) 206. 
13 . P. Beck, Nuel. Phy. 9 (1958/59) 140. 
14. B.P. ¥igner and L. Bia«nbud, Phy. R«v, 72 (1947) 29. 
13. P.L. Kapux and R.£. Ptlerels, Pxoc. Hoy. Soo., A166 
(1938) 277. 
16. A.M. Lane and J.E. Lynn, Muel. Phy. 11 (1959) 646. 
17. P.J. Daly, J.R. Rook and P.E. Hodgson, Sucl. Phy. 
56 (1964) 331. 
18. H.O. Manlova, K.L. Coop, H.A. Gench and R. 3her, Phy. 
Rev. 163 (1967) 1299, 
19. &.•:. arown, Bucl. Phy. 57 (1964) 339. 
20. Cif. Clement, A.M. Lane and J.R. Rook, t^'ucl, Phy. 
66 (1965) 273> Nucl. Phy. 65 (1965) 293. 
21. A.A. Luahnikov and D.F, Zarltsky, ITucl. Phy. 66(1965) 35. 
22. F. Gvelbar : Proceedings of Europhysics Study Conference 
on Intexmediate Pxoceases in Nuclear Reaction t 
Pl i t ice Lakes, Yugoslavia 22 (1972) 278. 
23. A. Lindholm, L. I>!il88on, M. Ahmad, M. Anvar, I . 
Bergquist a d 3. Joly, ^^uol. Phy. A339 (1980) 205. 
24. fi» Longo and F, Saporetti , Pvoo. Consultant ffleeting 
on the use of Nuclear theozy in JSeutron Data 
Evaluation, IAEA, Trieste , Deo. (1975) IASA-.190 
(1976) 191. 
25. 0. Longo and F. Saporetti , Fuovo Cimento 56B (1968) 
264. 
26. M. Potokar, Phy. L«tt, 468 (1976) 346, 
27. A. Wattanberg, Phy. Rev. 71 (1947) 497. 
28. I .B , fiussel, D. Baches, A. Wattenberg and R. F ie lds : 
Phy. Rer, 73 (1943) 545. 
29. A.H. Snel l , E.G. Barker and H.ti. Strenberg , Phy. Rev, 
SO (1950) 637, 
30. K. .lueck and F. Benach, J . Wucl. Engg. 27 (1973) 857. 
31 . si. Liskein and A. Paulsen , fJucl, Data Tables 11 (1973) 
569. 
32. H. Iiigkien and A. Paulsen , Nucl. Data Tables 
15 (1975) 57. 
33. S.K. Gupta, iiucl. Phy. and Solid S ta te Phys. Symp. 
21A (1978) 345. 
34. J .B , Marlon and J .L , Fowler, Fast Neutron Physios, 
(Inteirscience Publ i sher , New loric 1963) Part I , 73 . 
35. 15. Segre, Experimental Nuclear Physics, (John Wiley 
and Sonsi Inc . New York 1953) Vol .11, 357. 
36. Diven, Hemaendinger and T e r r e l l , Proc. of t he Second 
United Nations I n t e r n a t i o n a l Conf. on t he Peaceful 
aees of Atomic Energy (1958) Geneva, UN-667. 
37. A.O. Hanson, Los Almos Report, LA-276, (1945) 
(Unpublished). 
d -J 
33. D.J. Htigheo, Spats and Ooldalaln Phy. Her. 75 (1949) 
78 | Phy. R«v. 78 (1950) 632| Phy. Rav. 91 (1953) 1423. 
39. 3.M. Qaaim, Eadio Chamloa Acta 25 (1978) 13» Inorg . 
Nucl. Cham. 36 (1974) 239. 
40. B. Bleuler and G.J. Goldsmith, Exparlamented Xuclaonlce 
(Holdrlchart and Winston, Hew York, 1952) 86. 
41 . S. Storm and H.I . I s r a e l , A'UCI. Data Tables 7 (1970) 565. 
42. Tj.F. Guirtlgs, In t roduct ion to Neutron Physics , (D. Van 
^jostrand Company, Inc . New •'ork, 1969) 151. 
J 1 
CHAPTER - I I I 
MEASUREMENT OF ( n . y ) CH0S3-SECTI0W3 IN Me? 
EirrilROy REGION 
''>.l Introdttctlont 
The knowledge of fast neutron capture orosri-sectlon^ 
la important because of several reasonsj 
(a) From the applloatlon point of r i ev , theae are 
uaeftil In the design and development of fast bireeder 
reactors •^» ''* 
(b) These are also useful to understand s t e l l a r 
4 5) 
nucleosynthesis^ processes *"'^ '. 
(c) The (n,Y) cross-seotlon as a function of 
neutron energy also gives informations about the neutron 
capture mechanisms. 
For energies l ea s than 1 MeV the s t a t i s t i c a l theory 
approaoh gives f a i r l y good agreement with the experimental 
data, and the reaction takes place through compound 
nucleus formation, i^ereae for the neutron energies 
higher than 4 MeV, the a t a t i e t i c a l theory f a i l s to 
account the experdLmentally measured (n,Y) oxross-section 
values and the reaction takes place mainly through 
direet-semidireet (DSD) process spec ia l ly in the CM}E 
energy region. In the rango of energies between I and 
4 MeV the react ion i s supposed to take place through 
oompound nuoleus formation and hence s t a t i s t i c a l theory 
aooounts s a t i s f a c t o r i l y . I t has been suggested by a few 
6 7) 
workers * ' ' tha t n o n - s t a t i s t i c a l processes might be 
s t a r t e d t o take par t in thii« energy region. However, 
t h i s energy range has not been extensively studied e i t h e r 
experimentally or t h e o r e t i c a l l y with high degrees of 
accuracy ard hence there 1?^  s t i l l a demand t o i nves t i ga t e 
t h i s region of o iergy . 
3 9) From the inspect ion of J; r^  repor ts ' * ' and o the r 
recent l i t e r a t u r e s , i t was inferred thn t the information 
about the {n,y) c ross - sec t ions in the energy region above 
i MeV i s e i t h e r inadequate or Incons is ten t f o r moat of 
the n u c l e i . Hence the re i s s t i l l a demand to complete 
and improve the e a r l i e r experimental da t a in the above 
energy region with the appl ica t ion of modem high re so lu -
t i o n d e t e c t o r s . 
Ve have made an attempt to measure the (n,Y} c r o s s -
sec t ion for s ix reac t ions ^^*Sm(n,Y) ^ Sm, Od (n^y) 
^^^ad, ^^^In (n,Y) ^^^li i , ^°^Rh (n .y) ^°*°Rh, ^^ Mn (n .y) 
^ Mn and ^ V(n,y) ^ V a t f ive d i f f e ren t neutron energies 
of 1.07 i 0.20 MeY, 1.48 + 0.18 M«V, 1.89 + 0.17 MeV, 
2.30 + 0.16 MeV and 2.85 + 0.15 Me¥. 
r: o 
Th« enriohed isotopes of CM and ^*3m were 
obtained from Oak Hldge national Laboratory, Oak Hldge, 
U.S.A., In the form of GdpO, and SOg^T powder with an 
Isotoplo enriohaent of 98.1/o and 98.69/o respectively. 
Kost of sampleR studied such as InJO^, VpOet ^^ n «"<* Rh 
wore procured from Johnson Mathey Oo. Ltd. London, 
U.^., as the speotrogiraphically pure (3PEC?tIRK) samples 
having purity better than 99.99>^ . The samples were 
made by uniformly spreading the powder within perspex 
rings of radius 8 mm and were sandwiched between two 
127 thin cellulose tapes. *'-'i ipas taken as the standard 
sample in the fozm of Potassium Iodide, with reference 
to which the cross-sections were measured. 
In principle the sample should be as thin as 
possible, to ninimize the scattering and self shielding 
effects during the irradiation and the subsequent radio-
activity measurements thereafter. A oompromiae was mside 
between the area and the thickness of the sample so thmt 
self absorption of gaama rays in the sample and the 
neutron enezigy spread due to the solid angle eubtended 
by the sample may not be very lazge. To achieve high 
neutron flux, the sampls cannot be placed very far 
from the trisium target during irradiation, because 
the neutron flux varies roughly as Inverse of the square 
of the dletano* of the eaople from the target. Aoouraey 
of the aotlTatlon aeaauxnents also depend upon the 
aoouraey of the mass of the irradiated samples* Mea-
surement of the masses of the samples were made with a 
high precision oiorobalance vhieh can read upto 0.01 
milligrc^. However, the uncertainty in the mass of the 
samples was estimated to be JK 0,1/, . Sample character-
istics, used in the present investigrations, are tabulated 
in Table 3.1. 
Table 3.1 : Sample characteristics 
Thicknesp Chemical Enrichment' Investi- =io. of nuclei 
iJam- (™„/em2\ composi- purity ' gate! of the isotope 
pies '^°o/° ' tion Isotope studied 
Gd 48.42 
3m 15.04 
In 80.12 
Rh 72,^5 
nn 217.95 
V(i) 124.95 
(11) 95.89 
i » « — — — I I I 11 I — • • • ! — 1 1 
GdjOj 
Sm^O^ 
IngOj 
Powder 
Powder 
VjOj 
TJO; 
I s o t o p i c 
en r i ched 
9 8 . 1 / , 
I s o t o p i c 
enr iched 
98,69/o 
3PECPUBE 
3PECPURB 
SPECPUEE 
SPSCPUKE 
SPECPURE 
^^^Gd 
^543„ 
"•^hn 
^0% 
^^ Mn 
51y 
51y 
5.1245 X 10^^ 
2.17727x 10^° 
6.685C X 10^° 
3.5024 X 10^° 
46.9027 X 10^° 
16 .5695 X 10^° 
12 .7158 X 10^^ 
3PECPURB (99.99/ spectrographically pure) 
gaasscsscsgagatgaaBg-atrgiW'BjaojttiaagBWgjasgittsxicaBs^ 
3.3 D<t»ctlon Efficiency D^terminationi 
The knowledge of detection eff ic iency of -ttie 
detector i s an essent ia l requirement for determining tbe 
absolute emission rate of the gamma rays emitted by the 
activated sample under Investigation and the standaid 
sample. The in tr ins i c detection ef f ic iency for a point 
source at different gamma energies can be calcxilated by 
using standard y-ray sources with the help of following 
re lat ion, 
so.e.G 
where e i s the in tr ins i c photopeak ef f ic iency of the 
detector, C i s the nxunber of events recorded in one second 
under f u l l energy peak (photopeak), 3 i s the actual nixmber 
of radiation quanta emitted by the standard source per 
second, at the time of i t s fabrication. G i s the geometry 
factor ( ^ /4 i i ) , Q i s the intens i ty of particular gamma-ray 
per dist integrationst A i s the decay constant of the 
radioactive nuclei , t i s the time lapsed between start of 
counting and the date of fabrication of standard y-ray 
source. 
Although eff ic iency of Ge(&l} detector can be estimated 
from published data or oalcixlation for detectors of s imilar 
s i e e , the accuracy of the restLLts based on these values 
w i l l not be very r e l i a b l e as i t i s generally observed that 
th« detection efflolenoy of the Oe(Ll) detector varies 
with time '^  . Hence the detection eff lolenoy was 
detemlned using seven standard ganma ray source iriiose 
decay data are given In Table 3*2. The source-detector 
distance Is a very c r i t i c a l factor idiloh should be 
measured accurately to mlnlmlKe the errors In the repro-
ducib i l i ty of the geometry. 
The detection ef f ic iency curve of 50 o.c.Ge(Ll) 
detector which was used In our experiment has been p l o t t e i 
In Fig. 3 .1 . This cuirve wan used to determine the absolute 
emission rate of the gamma rays emitted by the activated 
samples, whose crosr'-geotlons are to be measured. 
Table 3.2 t Decay data for Radionuclides URcd for photo-
peedc detection ef f ic iency of Ge(Ll) detector. 
iJucllde Half - l i fe Gamma ray Percentage Intensity o-f 
Energy E the Y-J»y per d l s -
(keV) '"""^  "' ' """'" 
^°^Cd 453 days 88.0 3.38/'o 
"^^ Co 272 days 122.0 85,6 X 
^'®Ba 10.7 years 356 6 2 / 
^^Na 2.60 years 511 , « ! , / / 
(Annhll l . ) 181.14/c 
1274.5 99.95Z 
•'•''''cs 30.0 years 661.6 8 5 . 3 / 
);-riiy(32.1 keV) 7.5/ 
"^^ Mn 312.5 days 334.8 99.98?^ 
^°Co 5.27 years 1173.2 99.88/ 
1332.5 99.98/ 
(•/•) ADN3i:>lii3 N0 l iD3 l3Q 3AllV13il 
^•^ ^ P « n » e n t a l Detallat 
Th« measiiremttnt of noutron act ivat ion oirosa-section 
uning act ivat ion technique consists of two major stepst 
5*4.1 I^eutron production and irradiat ion of the 
aamplea. 
5.4.2 Counting of the induced gamma a c t i v i t i e s . 
3 .4 .1 ?'eutron production a^ -'d Irradiation of the aamplegt 
Jlonoenergetic neutrons were produced from 
'^H(p,n)'He reaction in the present measurements. The 
reaction equation may be written aa, 
!j_p + ^H > | H C + J^ n - 0 .764 >leV. 
The protons of the desired energies were ohtained from 
Variable Energy Cyclotron at Paajah University, Chandigarh 
(India) . The proton beam was allowed to f a l l on a 16 Curie 
t;id.aivun target procured fzon Bhabha Atomic Research Centre, 
Trombay (India) , which eonaista of a thin titanium layer 
impregnated with triaium on the copper oiroular diao of 
diameter 25 mm* The target was attached to the la tera l 
aarfaoe of a braaa cyl indrical i^hell which we ca l l the 
target holding aaseobly* The hollow copper spiral tube 
with an inner dieuaeter of 5 mm was wound to t h i s target 
holder, through i^ioh ch i l l ed water waa allowed to 
circulate oontintu>U8ly during irradiat ion. This arrangement 
waa made to oool the t r l s i u o tai^ot by heat conduction 
prooeaa* fhe Irradiation of the saaples with neutrons 
were carried out in free space at a distance of 25 ara 
fxoa the target at aero degree to the proton beam as 
shown in f i g . 3»2, Precautions were taken to remove the 
possible scattering matexrials fron the surroundings of 
the irradiation so ^ a t the neutrons of degraded energies 
may not incident on the sample, There are three factors that 
hare been oonsidei^d in order to deteirmine the uncertainty 
associated with a given neutron energy. ne of them i s 
the f i n i t e spread In the proton heam energy (E ) before 
IT 
i t s tr ikes the trisium target . In the prefjer.t ca3e t h i s 
spread i s .-20 keV, The 5'eoond main factor for the 
uncertftinty in the neutron energy i r the degxradatlon of 
the incident p3?oton besun energy in the trisium target , 
which varies from 210 keV to 140 keV for the proton beam 
energy between 1 MeV and 3 MeV. The corresponding 
neutron energy spread l i e s between 190 keV to 150 keV. 
The third factor for the enex^y spread of the neutron 
i s the angle subtended by the samples atii^ied, at the 
point neutron source. The spread in the neutron energy 
due to th i s factor l i e s between 23 keY to 55 keV. 
The proton bean current during irradiation of 
different aamples (at different energies) varied between 
2 to 12 \xk, but for a particular irradiation the beam 
o 
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current was k«ot neazly constant. For an indlTidual 
Irradiation th« yariation in tha iMtam ourxont was not 
more than 6 / . A rotating! shutter, coq,ted with sine 
svdphide was brought in front of the target to riew the 
ali^na«mt of the beam spot f^o that the beam could be 
properly focussed before allowing i t to f a l l on the target . 
Instead of a pin point focus the s i ze of the beam spot 
was Icept about 3 mm x 9 mm in order to achieve a homo-
geneous illumination of the target and to obtain more 
neutron fliuc. 
The nample under invest igat ion was sandwiched between 
two standard samples of Potassium iodide. The s i s e of the 
sample under invest igat ion was the same as that of the 
standard samples. The sample along with the two standard 
samples was placed in a perspex fxrame vertioal ly» facing 
the neutron beam. The sample was irradiated in the sero 
degree forward direction with respect to the proton beam 
for a reasonable time to achieve suf f ic ient a c t i v i t y . The 
irradiation tia« varied from sample to sample. It was 
three to four h a l f - l i v e s in the case of abort l ived 
a c t i v i t i e s and about 45 minutes in those whose h a l f - l i f e 
i s a few hours. The neutron flux at the place of 
7 2 
irradiation was generally ^ 10' neutrons/cm - s e e . 
7.4.2 Counting of induced aamma a c t i v i t i e s ! The 
l a s t and the major step of the experiment i s the determi-
nation of the lnduo«d ac t iv i ty In tiie Investigated aonple 
and the standard samples. The laost accurate way for t h i s 
measuresient Is the use of high resolution gamma ray 
speetrosoopyt with a calibrated ae(Ll) detector. This 
method gmxantees clean background correction^! and allow 
us to sort out the characterist ic gamma ray l inos of the 
radioactive nucleus. 
4 50 c . c , cyl indrical ^hape Ortec <le(Xil) detector 
(FWIIM of 2 keV at 1.33 MeV) tilth a heavy lead shielding 
was used to detect the characterist ic gamma l i n e s . 
As soon as the proton beam i s switched off, the 
sample \uder Investigation along with the steindard samples 
were removed from the place of irradiation and thereafter 
were placed at the f la t siirface of the Ge(Ll) detector 
In the same geometzy. The gaimusi ray spectra from the 
deoay of the samples were recorded by a pre-cal lb rated 
4096 channels NIVIOO analyser for time intervals idiloh 
varlsd from oass to ease, so as to get good s t a t i s t i c s . 
The gamaa ray spectra was also recorded at subsequent 
time Intervals so as to confirm the h a l f - l i f e of the 
ac t iv i ty prodnced. The reaction product nuclei were 
ident i f ied by eharaoterist lo Y*-t ran s i t ions following 
the i r deoay. The counts under the oharacterist ic gamma 
peaks were recorded and the a c t i v i t i e s were determined 
0 L 
by using the values of the detection eff ioleney at the 
corresponding energies. 
3.5 Brrorg analyals in the Meaaureaentst 
The r e l i a b i l i t y and u t i l i t y of experimental data in 
a certain measurement depends upon the various errors 
involved. The errors involved here in the cross-section 
measurements contain s t a t i s t i c a l and Rystematio errozrs. 
The possible sources of errors in our itieasurements and 
the corrections applied for minimiaing the same are 
degc ibed in the following paragraphs: 
1. The errat ic benaviour of the e lectronic equipments may 
introduce some error in the measurement. We could 
get rid of th i s by s tab i l i s ing the e lectronic equipments 
for a few hours before i t s use. 
2. f luctuation in the proton beam ouzrrent as well as the 
s i s * of the proton beam spot oauses an error in the 
neutron flux during irradiat ion. Hence oare was 
taken to keep the beam current oonstant spec ia l ly in 
the Irradiation of those speoimen samples whose 
h a l f - l i v e s were muoh different from that of tiie 
staadani aaaple. The error due to fluctuation in 
the proton beam was estimated between HK 1/ to + 6/ 
from one case to another. The xuns with large beam 
ourrent f luctuations were disoarded. 
1. Brrors raay a lso be |»x»s«nt in t he est imation of the 
t o t a l number of nucle i present in the sample. This 
may be due t o t he impur i t ies present i n Idle saaiple 
and due t o e r ro r s in weighing the sample. The former 
was minimiaed upto l e s s than 0.2/o by taking specaure 
0 
samples having pu r i t y b e t t e r than 99.99^ and the 
l a t t e r was minimised by weia;hin|[ the sample with a 
microbalance which could weigh co r rec t ly upto 0.01 mg. 
The maximum e r r o r introduced in weighing the sample 
was est imated to be ,03/* Hence the t o t a l e r r o r in 
the QstiiBation of the nxuaber of nuc le i present in th© 
6 
saaple was at the most + 0,3^. 
4. Samma rays self absorption in the sample is also a 
significant factor, especially in the samples which 
have high Z values and are comparatively thic^. This 
correction was applied to each case. 
5. Detection effioiwcioies of the ae(Li) detector were 
determined using absolutely calibrated standard 
Y-aouroes supplied by IAEA, Vienna, whose strengths 
were known upto an accuracy of + 1/J. The efficiency 
curve was obtained by a smooth joining of the 
efficienoy points at various ganuna ray energies. 
The overall uncertainty in the detection efficiencies 
•J 0 
was estimated to be between ^ 2/^ to j; 6/. 
6. The Inaccurate measurefflent of Irradiation time, the 
time lapse between the stopping of irradiation and 
the starting of oounting as v e i l as the counting time 
may introduce some errors* An error upto^2°/ was 
estimated in our measurement. 
7. Some errors may also he introduced due to non-
reproduoihility of the geometries of the irradiation 
and the counting aystems. However, th i s type of error 
was iBlnlmiised by f ixing the posit ion of the sample 
holder during irradiation and counting. An estimate 
of about jH 2/^  was made for the non reproducibility 
of the geometYles. 
6, Decay properties of the nuclei studied here such as, 
h a l f - l i f e gamma ray energies, branching rat ios and 
natiural abundance may also introduce some errors. To 
minimise t h i s error recent nuclear data were oonsultedi 
However tdie erzors in the decay parameters hare not 
been incorporated because any rer i s ion in these decay 
parameters wDtQ.d permit an easy recalculation of the 
oxoss-aeotion in future. 
9. 3ome errors are aleo associated with the integration 
of the pulse height spectzrun spec ia l ly in the 
yspeotrum of poor s t a t i s t i c s . An error of about 
fL/^ to • 5/J was estimated in different oases. 
10. Srxors du« to pule* summing «ff«ot was negl igibly 
sBUkll in our ••aanrooiontB* Tho spectra voro xooordod 
irith l e s s than 37c dead t ine in the multiohannel 
analyser, and hence the error due to t h i s effeot was 
always l e s s than > 0 . 2 / . 
11. The t>resenoe of scattered neutrons at the place of 
irradiation of the sample may introduce a serious 
error in the oross->section hecaiuie at low energies 
the in,y) cross-seotiona are generally rery high. 
In our measurements the sample taz^ets were held in 
the perspez frame of very small thickness during 
irradiat ion. Moreover, the irradiat ion was perfoaaned 
in the open space of a big ha l l ^ e r e minimum 
scattering materials were present nearby. The flux 
of scattered neutrons with respect to the primary 
neutrons was estimated to be l eas than f; 37c* 
12. Brrom may also be present due t o uncertainty in the 
ezpeziaental cro8S»8eotion Talues of the standard 
reaetion. The various measurements of the standard 
reaotion eroas-seotion gave an error of about HK 7/f 
in the neutron energies of our in teres t . 
13. In addition to a l l the above systematic errors there 
i s s t a t i s t i c a l error in the counts under the photo-
Uivi 
peaks. This error vary from one case to another, 
depending upon the a o t l r l t l e s produced in the samples. 
This statir^tioal error in counts under the peak was 
estimated to he lying between + li( to j; 10/^ from one 
case to another. 
The uncertainty associated with neutron energy 
re f l ec t s the uncertainty in the measured cross-sect ion 
Talues. There are three factors responsible for the 
uncertainty asvsooiated with neutron energy. M r s t , i t i s 
due to the f i n i t e spread in the proton beam energy before 
i t «)trikes the trisium target . In the r>resent case th i s 
spread i s -^  20 ke?. The second main fac tor for the 
imcertainty in the neutron energy i s degradation of the 
incident proton beam energy in the triaium target* idiieh 
varies from 210 keV to 140 keV for 1 MeV^ S^^ 3 MeV. 
This proton mamrgy spread resulted in the neutron enexgy 
spread oorresoondingly from 190 ke? to 130 keV. The 
third factor responsible for the neutron energy spread 
i s the angle subtended by the samples studied at the 
point nenitzon source and lying between 25 ke7 to 55 keV. 
The t o t a l neutron energy spread A T,^ due to a l l the three 
factors was found to be lying between 200 keV to 150 keY. 
3.6 atandard Reactlont 
All the (n»Y) cross-sect ions in the neutron energy 
127 
region of 1 to 3 NeV hare been measured relatlTO to ' I , 
\j 0 
which la oonsldervd as the standard sample, because of 
the fol lovlng reasons} 
( i ) The cross-sect ion for the reaction ^^'l in,y) 1 
i s precisely known as a fxmction of neutron energy 
upto 5 MeV, hence helow t h i s energy i t can eas i ly 
he used a a standard sample. 
( i i ) -^ -^ I^ has a moderate h a l f - l i f e ( 24.99 min) which 
i s cooparahle to the h a l f - l i v e s of moat of the 
(n,Y) reaction products of the isotopes studied in 
the present work. Of course, Au (n,Y) Au 
reaction may also be treated ap one of the standard 
react ion ^ ^ but the h a l f - l i f e of ^ ' Au i s - 2.69 days, 
which i s comparatively quite f.ov-Q with respect to 
the isotopes studied here. Therefore, the choice 
127 of I as a standard ssuaple enabled us to correct 
for any fluctuations which otherwise could have 
affected the sample ac t iv i ty with zrespect to the 
standard i f the respective h a l f - l i v e s were ouch 
di f ferent . 
( I l l ) " ^ I IB -onoLotoplc mi I t , d.cay , « h « . l e w . l l 
establ ished. 
( iv ) I t i s eas i ly available with a high TJurity. 
l i i 
127 Her« ' I was taken In the foxm of Potassium Iodide 
which when I r r ad i a t ed by neutrons gltres an admixture of 
t w a c t i v i t i e s ^^®I (24.99 min) and ^ \ (12.5 h r s ) . 
Act iv i ty of * K i s obtained as a r e s i a t of ^ K (a,Y) 8^  
r e ac t i on . Since the two a c t i v i t i e s have hsuLfollves which 
d i f f e r by a f a c to r of 30, -ttiey can be ea s i l y separated 
without causing any s izable s t a t i s t i c a l counting ericor. 
The (n,Y) cit>ss->section of K i s very low in the 1 MeV 
to 3 H©V energy region and i t s na tu ra l abundance l a XI 
i s only 6 . 8 8 / . Moreover, «?ince the maacimun durat ion of 
i r r a d i a t i o n of the ^aoplea i n the present measurement 
i s 45 minutes, the 12.5 hr ^ K a c t i v i t y produced was not 
apprec iab le , ThiP was a l so confirmed by ain^gles spectrum 
of I r r a d i a t e d KI a t each neutron energy. 
127 The (n,Y) c ross - sec t ions for the reac t ion ' I ( n , 7 ) 
^^'^l a t neutron energies , ^^ « 1.07 ± 0.20 MeV, 1.48 + 
0.18 MeV, 1.89 + 0.17 MeV, 2.30 + 0.16 MeV and 2.85 t 
0.15 MeV were taken as 78 + 6 mb, 69 jh 5 mb, 62 j ; 4 mb, 
49 Hh 4 mb and 34 j ; 3 mb respec t ive ly as g iven. In the 
3HI. report (1976)^^. 
3*T ^pfr tm^ntf t l Reffuj,tflt 
Among the s ix i sotopes s tudied he re , Gd and 
^^3m were i s o top l ea l l y enrlohed samples. Rest of the 
sanplea were spootxograph!oally pure (3FECPURE} elements 
r -' 
or ooapounda having mirlty cett«r than 99.99/^. The d s t a l l s 
about th* ohvnical coffiposltion, purity and thicknass of 
the sanplea are glren in Table 3*1* 
The de ta i l s of meaaurements at different neutron 
energies of a l l the s ix target aaaiples are described 
separately. To obtain more re l iab le and oonaistent results 
each measurement was repeated in noat of the cases. More-
over, for eases (wherever the h a l f - l i f e of the product 
nucleus i s reasonably large, and ac t iv i ty i s good enough), 
the act iv i ty was recorded in many " Sets" of observations 
during i t s decay, ^aoh activated nucleus was also i d e n t i -
fied by following the h a l f - l i f e of the product nucleus. 
The s ingles spectznim of each irradiated sample was 
recorded to check c^.-.^j tinwanted contamination. The one or 
more intense photopeaka were se lected and counts tmder 
the peaks were reoosdied for a particular time interval t^, 
depending upon th« ha l f - l ivea and counting ratee. The 
oouata under the individual peake were determined after 
subtxaoting the background oounts. The reoent decay 
eohemee of the reaction products formed by (n,Y} soaetions 
were taken from the l a t e s t 'Table of Isotopes* (1978) 
by Lederer and Shirley^^^. 
%J J 
A typlecQ, example of the node of oa lou la t ion of 
1154 i c e 
croas-'ffieotion for the reao t ion ^^3m (n,Y) Sm a t 
!ieutroi) Energy (Bn) 1.07 + 0.20 He? has been given In 
fflore d e t a i l s he re . All the (n ,y ) oross-eeot lon measure-
ments trere made by counting the gamma a c t i v i t i e s induced 
in the iBamples. 
Bxamplet 
^•7.1 -^^SffiCn.Y) •'-^ ^Sm - r eac t ion i 
reutron Snergy. Am 1.07 ± 0.20 MeY 
(1) Calculat ion of average neutron f luxt The neutron 
flux at neutron energy 1.07 + 0.20 MeV has been measured 
in th ree s e t s A ( l ) , A(2) and A(3) fo r the same i r r a d i a t i o n 
in d i f f e ren t time i n t e r v a l s during i t s decay, by placing 
one exnerimental sample in between the two standard 
samples toge the r In the same geometry. The avearage of kesulis if 
these three s e t s gives the average neutron flux a t the 
place of i r r a d i a t i o n . The method of oa loula t ion of 
neutron flux for the se t A(l) i s as follows} 
(a) Cxoss-seotion for t h e reaot ion l{n,y) I 
a t E„ - 1.07 + 0.20 MeY<r= 78 *• 6 mb^^, 
(b) Number of I nucle i present in both the KI standard 
1*5 A 
samples, in between which the ^^Sm sample was sandwiched, 
Ho « riOj^  f MOg » (7.7646 + 7.5396) x 10^^ 
- 15.3042 X 10^° 
r;-^ . 
(e) Det«otion e f f le ivnoj of (}«(Xii) detector for the 
443 keV gaaoia ray, e « 0.0285 
(d) Absolute intens i ty of the 443 keV y-ray per decay 
of -'•^ ®I, 0 a 0.16» 
(e) Self absorption correction factor for the gamma zray 
in the standard samples, K = 0,'^2'5B, 
( f ) Time of irradiation, t^ « 1060 see, 
ig) Time lapsed between stor»t)lng of irradiation and 
starting of countings, tp » 60 sec, 
(h) Time of the recording the events under 443 keV 
photopeak, t^ » I6b sec, 
(1) :^ ufflber of courts under the photopeak registered 
during time t^, A » 1578. 
Hence the flux (<^ G)j^  in the Bet A(l) using the 
re lat ion (2.32} 
A. A. exp (/^ *2^ 
^f^^l - or. rlo.e.e. KLl - exp (-Atj^)JU - expl->vt,)J 
i s obtained as 3.9270 x lO^neutronn/co - s e c . 
Similarly, the neutron flux ((^ Gf)^  <^d ( f^)^ ^^ the other 
two oon<3eoutire se t s A(2) and A(3) were determined to be 
3.8340 X 10' neutrons/om^-sec and 3,9^88 x lO' neutrons/ 
2 
om - sec respectively. In these s e t s , t^t ^-K ^^^ A are 
different from set A( l ) . therefore, the average neutron 
f lux pass ing through the aanple -^  Sa», ^'P^'av ^^ ohtain«d 
7 "^  
or , '^^ -''^ a^v "* ^ av*^ •" ^'^^^^ ^ ^0 n e u t r o n s / c v ' - s e c . 
( i i ) Oalculat lon of the ^^SmCn.y) ^^3m reac t ion 
cro3a-3eot loni 
Jet A( l ) t The I s o t o p l c a l l y enriched (9^'.69/o) aample 
154 
of 3m i n the form of Sm^O^ powder was U!»ed as a t a r g e t 
whose mag-j and area wac Q.06 52 ^^m arid 2.011 cm'" r e s p e c t i v e l y . 
154 The cJm sample wag sandwiched between two standard 
samples of Potaasium Iodide ^ad was i r r a d i a t e d in z e r o -
degree forward d i r e c t i o n with respect t o the proton heam 
f o r a period of 1860 s e c . Induced Y-ac'kivity was recorded 
a f t e r 60 seo» from the s top of I r r a d i a t i o n , f o r a time of 
166 seoonde. The cotmts under t h e y^ray peak of 104 keV 
155 i n the decay of ^^3m, r e g i s t e r e d during t h i s counting 
period was determined by subtract ion of background counts 
in the r e s p e c t i v e channels i n which 104 keV peak was 
155 
recorded. 104 keV y-i^ay due t o the decay of 3m and 
128 
443 keV Y-w»y du® to the decay of I at each neutron 
energy are shown in i^ igs. 3.3 to 3.9 for a single set. 
4 singles spectmm of "^ ^^ Sm along with oroduced 
by neutron irradiation is shown in Fig. 3.3* The decay 
155 
scheme of '^ 3^m is also shown in the Fig. 3.3. 4 typical 
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decay carve of 104 keV y-ray in l a shown in F i g . 3 . 4 . 
The method of ca l cu la t ion of c rosa-aec t ion is? as 
followst 
(a) Mumber of 3m nuc le i ureaent i n the sample 
i;^ = 2.1772 X 10^^, 
(I)) The average neutron flux obtained from the induced 
Y-ray a c t i v i t y in •**^ *i of K.I sample, placed on the 
two s ides of SiBpO- 6amole was obtained an, 
(<^a) = 1.9166 X 10 ' neutrons/cm -aec , 
(c) Detection ef f ic iency of Ge(Tji) d e t e c t o r f o r the 
104 Ice? gamma ray^ £ = 0.116, 
(d) fhe absolute i n t e n s i t y of the 104 keV Y-3»y in the 
decay of ^^^Sm,9 « 0.697, 
(e) Self absorpt ion cor rec t ion f a c t o r for gamma ray in 
SfflgO, sample K » 0 .988, 
( f ) The time of i r r a d i a t i o n of the sample, t^ald60 sec, 
(g) Time lapsed between stopping of i r r a d i a t i o n and 
s t a r t i n g of counting^t2 « 60 
(h) Time of recording the p a r t i c u l a r event (104 keV 
Y-ray), t ^ » 166 s»c, 
( i ) The number of events r eg i s t e red during the time 
t - , A a 3329 -•• 66 counts 
000 
110 120 130 
CHANNELS 
Fig.3.A: A typical decay of ^^^Sm by 10A KeV gamma ray. 
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Heno9 the o r o s a - s e c t l o n f o r the reac t ion -"^  3m 
(n , y) ^^3n», us in^ the express ion ( ? . 3 2 ) may be 
oaLoulated aa. 
A. /\ . 9XJ> ( ^ t , ) 
a = ' ^ ^ 
(^ CJ) .«i . e . e . T E l - exp ( - A t i ) ] [ l - exp ( - A t ^ ) j 
(3329) X (5 .1562 x IQ-"^) 
[ (^.9166 X 10^) X (2.17727 x 1 0 ^ x (0 .697) 
(^ 5.156 X 10*"^ X 60) 
( 0 7116) X (0 .938) X [1 -e "5.1562 x lO'^x 1 8 6 0 ; 
-4 f l - e -5 .1562 X 10"^ X 166) ] 
51.3712 X 10"^'^ cm^ « 51.37 mb 
a Total error a s soc ia t ed with a i s 13.86/ , . Hence 
c r o a s - s e o t i o n v i l l be» 
o m 51.37 ± 7 .12 mb 
Similarlyy the cross s e c t i o n f o r t h i s r eac t ion vas 
obtained byusing the 104 teeY Y-ray sTieotra recorded at 
155 d i f f e r e n t time i n t e r v a l s during the decay of 3m. These 
are given by s e t a A(2)« A(3) and A(4) . 
>J ' . t 
OlJLAillt 
A = 13601 i 140 counts A« 5.1562 x lO""^ aeo"-^ 
t ^a I860 sec t p « 300 sec 
t~a lOUU sec e « 0 .697 
e = 0.116 I^ = ?,17727 x 10^° 
K" 0.98B ^av'^"= 3.9166 x lo"^ neu t rons / cm^-
*^ gee 
= 4B.16 f 6 ,99 mb 
J e t A(3) : 
A » 6^91 + 1U5 coun<.s / \ - 5.1562 x lO"'^ e^c*"-*" 
t^ = 1360 sec t2= 1?0Q ^ec 
t ^ » 1025 sec e » 0.697 
E » 0.116 No= 2.17727 x 10^° 
K: « 0 .988 ^ov*'®= ^.9166 X lo'^ neutrons/cm^-
* sec 
a m 48.33 + 7.29 mb 
Sfft M4)« 
A » 915 i 50 counts /\ =» 5.1562 x lO""* sec""^ 
tj^ • 1860 8«o t p " 4680 sec 
t ^ « 500 s ec G « 0 .697 
c • 0.116 Ko» 2,17727 x 10^° 
K » 0 .988 fav'^" 3.9166 x 10^ neutrons / 
cai —sec 
<s m 55.18 ^ 8 .33 mb 
The average cross eeotlon measured at E^=1.07+0.20 
MeV is given by 
•^ s 50.4^ + 6.16 mb 
••Jeutron Bner^y, V.^i 1 .48 j 0 . 1 8 l4eV 
Set A ( l ) t 
A a 5636 f 85 counts 
t , = 1200 sec 
t ^ = 400 sec 
A = 5.1562 X lO^'^gec"-'-
to »» "•^S sec 
c = 0.116 
K = 0 .938 
e = 0 .697 
:>o = ? . 17727 X 10 20 
c^  .G = 4.0240 X 1 0 ' n e u t r o n / 
cm oaeo 
» 49.17 + 5.64 mb 
3?t A(2)t 
A 
t, 
e 
4505 t 73 counts 
1200 s ec 
400 aeo 
0.116 
0 .988 
*2 
0 
^O 
^ a V ^ 
5.1562 X 10"^ sec"-'-
450 aec 
0 .697 
2.17727 X 10 20 
n 
4.0240 X 10 n e u t r o n / 
ran —aec 
a m 48 .68 + 5.93 mb 
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A « 5085 + 70 coun ts 
t , » 1200 a«c 
t - s 400 300 
E = 0.116 
1 « 0 .938 
> a 5.1562 X 10""* aec""^ 
t ^ « 1140 360 
0 » 0 .697 
Uo =« 2.17727 X 10 20 
'^^^.•fi « 4.0240 X 1 0 ' n e u t r o n s / 
o 
cm - s e c 
a 44.97 "•• 5.82 rob 
^SUili* 
A = 2600 ih 6 3 oountfl 
t , a 1200 sec 
t_ St 400 sec 
C « 0.116 
K « 0.938 
A= ^ . l ^ f ? X 10~^ aec""*" 
t o = 1560 aec 
e » 0.697 
'Jo = ? . 17727 X 10 20 
7 
c^g^^.O = 4.0240 X 10 n e u t r o n s / 
cm -a©c 
a » 49 .79 4- 6.44 mb 
Hence, tiie average (n ,Y) e r o e s - s e c t i o n measured a t 
g^ « 1.48 -»• 0 . 1 8 MeV I s g iven by 
a m 48.16 -•• 4 .52 mb 
I'Teutron Energy* Ex 1.89 + 0 .17 MeY 
A m 7427 + 102 coxmte A« 5.1562 X 10""^ sec"''-
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*2 
e 
No 
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as 
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5o sec 
0.697 
2.17727 z 10 20 
a^«.»<^ " 2.0213 X 10*^ neutrons / 
ar 
OBI —sec 
45.88 + 5.69 fflb 
Henoe th0(n,Y) orosa -aec t ion f o r ^^Sm at B =s 1 .89 + 
0 .17 MeV i s given by 
a = 45 .88 + 5.69 mb 
Neutron Energy B^ j^ 2.30 + 0.16 MeV 
Set A d ) J 
A m 5600 + 86 
t , « 1800 see 
t , « 1000 sec 
e m 0.116 
K m 0 .988 
coiints /\ » 5.1562 X 10~^ sec" 
tg » 180 sec 
6 « 0 .697 
No « 2.17727 x 10^° 
*P^,.G - 2.7257 X lo ' ' neutr< 
on —sec 
a m 27 .44 + 3 .65 mb 
S£Lliils 
A 
t. 
390 + 40 counts 
IfeOO nee 
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{ 0 
t^ m 1000a«o 
C m 0.116 
K ss 0,988 
6 m 0.697 
No - 2.17727 X 10 20 
^-ir»^ " 2.7257 X 10' neutrons 
oa oseo 
« «• 29.53 + 4.11 ab 
Hene«» the aTexag* (n»Y} ezose-eeotlon for ^^3m at 
S^ « 2.30 ± 0.16 MeV i s nsasured ast 
a a 28.28 4- 3.45 mb 
STeutron Snergy B i 2.8!,5 +• 0.15 MsV 
f^^  M\)» 
A m 3408 + 82 counts 
t^ m 3300 seo 
t^ « 1000 see 
e « 0.116 
K m 0.988 
> » 5.1562 X 10"^ sec~^ 
tg »• 30 seo 
0 «• 0.697 
No . 2.17727 X 1 0 ^ 
f._..a « 1.2936 X 10' neutrons/ 
•^ 2 
OBI ••see 
a m 24.08 -*> 5*32 ab 
Heaea* the aTexage (n,Y) oros»«««atioa aeaaiired at 
I - 2.85 i 0.15 MeT for ^^^Sa i s giren by. 
24.08 + 3.32 ab 
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Tabla 3*3 t Aetlratlon ox08»-s«etioB« for th« xvaotlen 
^'*3« (n .y) ^^^SB. 
o ^ Heutxon ISxMTgy, Czo88->8«ction 
L 1.07 i 0.20 50.<9 ^ 6.16 
2 ^'^S i 0-18 48.16 i 4.52 
3 1.89 i 0.17 45.88 • 5.69 
4 2.30 i 0.16 28.28 • 3.45 
5 2.85 + 0.15 24.08 nh 3.32 
3 .7 .2 ^^Q(M(n,Y) ^^^Sd-rfafff^9|ii 
aadollxilua Oxide (GdgO,) «nrlch8d In ^^ ^Gd with isotopio 
«:inolu&8nt of 9 8 . 1 / was used for tho preparation of the 
saaple target . The aanple of aaos «td area 0.0973 gm and 
2.011 oB^ reepootirely* was irradiated along with tvo 
etaadard saapXos in sero-degsee forward direot ien with 
the proton heaa at f ive di f ferent neutron energies of 
1.07 + 0 . 2 0 HOT, 1.48 + 0.18 MeT, 1.89 • 0.17 «0V, 
2.30 «• 0.16 NOT and 2.85 * 0.15 MeT. After oapturing 
neutrons, ^^^8d transfoza into ^^Od whiefa i s an tmatahle 
auelide with half l i f e 3.7 Bin. Od deoasro through 
161. Y-OBieeion to the ezei ted etatee of '^ Th. OaaBa raje of 
different eneirgioe are oBltted in the de-exeitat ion of 
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th« 1«T«1« in ^^Tb. V« had z«ooxd«d tvo of th« aoat 
Intone* gaBaa rays of ouorgioo 313 ko? and 361 koT aooid 
tholr intonsltlos voro aoasmxod la oacb sot of irradiation* 
for a partiottlar tiao t« for tho prosont orosa-sootion 
X61 BoasuroBonts. Tho dooay aohoao of Od and singlos 
speotrua of Od along with that of I i s shown in 
f ig . 3*10. Tho Qharaotoristie y-raysof 315 koV and 361 koT 
in tho dooay of •'•^ a^d and 443 koV in tho doeay of "^ ^^ I at 
oaoh irradiation onorgy for a singlo sot has boon shown 
in Figs, 3.11 to 3.15. A typioal dooay eurro of ^^ O^d 
i s shown in Piguro 3.11. Caleulations at difforont notttron 
onoxgies in difforont sots of irradiations ar* giron as 
Nsatron Bnorgy S i^ 1.07 ± 0.20 MoY 
A m 618 + 25 oounts ^m 3.1216 X 10*"' soo*^ 
t^ m 1220 800 tj » 35 800 
t- • 500 soo 0 • 0.229 
e • 0.0425 ^o • 3.1245 x 1 0 ^ 
K 7 2 0.998 ^Kw'^ • '-^O^^ * ^^ noutron/cB soo "^aT* 
a m 26.97 > 3.74 Bb 
A « 1317 i 41 oouata ^  ^  -3.1216 x lO"' aoc"*^  
tj^  m 1220 aoe tj «35 aao 
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t , m ^ 0 8«e 6 >• 0.606 
e « 0.0!57 Ho - 3.1245 x 1 0 ^ 
K • 0.999 ''^ ar*^ ^ ^•*°5-'- * ^^ neutrons/oa-8©e 
a m 24.93 + 3.46 ab 
mm 
3<t A(2)/Yi361 »fTt 
A • 243 ± 22 oounts \m 3.1216 x 10*"' sec 
t^ « 1220 see t2 » 380 aeo 
t , « 500 sec e s 0.606 
e » 0.037 No « 3.1245 x 10^° 
7 2 
K a 0.999 'Pav*^ " 3.4031 x 10' neutrona/cm -aee 
a » 25.21 + 4.35 mb 
A • 483 i 32 ootuits /\ - 3.1216 x lO"' a«e*^ 
t2 "• 50 aae 
e m 0.229 
Ifo • 3.1245 X 1 0 ^ 
f^^.G m 3.0042 X 10' nautxona/en ->8«o 
\ 
*3 
t 
c 
-
-
ai 
m 
1200 aao 
500 aao 
0.0425 
0.998 
a m 28.40 > 3.94 «b 
U hi 
Sft MDhiM fcfT« 
•3 - 1 A m 1062 i 40 counts ; \ - 3.1216 x 10*^ 8«e 
h 
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1200 8«e 
500 g«c 
0 .057 
0 .999 
t2 • 50 890 
0 m 0.606 
v20 No » 3.1245 X 10' 
7 2 
© .0 » 3.0042 X 10 n8ut«»n«/o« -s«0 a v 
^ « 23.89 + 3.31 »b 
9ft 3(?)/Y??61 ki^ T» 
A • 180 + 20 counts A« 2.1216 x lO"^ s«e 
mm 
t^ » 1200 aeo t2 » 600 sec 
t^ m 500 see 0 « 0.606 
c m 0.037 Mo • 3.1245 x 10^° 
K m 0.999 *aT'® * 3.0042 x 10^ noutrons/oa -aoc 
q~- 22.55 + 3.89 «b 
H«no«> the (n,y} exoaa-seetion for Idia raaetion 
^^* (^ld(n»T) ^^^Od, at \ m 1.07 * 0.20 Me? la fo«B4 to ba, 
a » 25.43 t 3.03 «b 
Nautseoa Bnesgy £^t 1.48 j^ 0.18 Ma?t 
A « 194 • 20 eounta Xm 3.1216 x 10"' aao*^ 
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t , M 560 9«o -fc^  * ^0 a«e 
t ^ » 400 a«e 0 » 0.229 
e a 0.0425 l?o - 3.1245 x 10^^ 
7 2 
K « 0.998 7»»*G * 2.4241 X 10 ' neutzons/oa - s t o 
a « 20.63 t 2.36 mb 
3et A(l) /Yi36l k«Yi 
A •415 i 24 counts / » 3.1216 x 10 "^  sec 
tj^ B 360 sec t g - 60 sec 
t , « 400 sec 6 « 0.606 
e * 0.037 No m 3.1245 x 10^^ 
7 2 
£ » 0.999 'Pav*^ " 2.4241 x 10 ' neutrons/cm - sec 
3 m 19.13 t 2.19 Brt» 
k • 385 t 26 counts A - 3.1216 x l O " ' eee"^ 
tj^ « 1200 see 
t ^ « 300 see 
c » 0.0429 
K • 0.998 f . - . 3 • 4.0914X 10**^  nettt«on«/o« - s e c 
« m 19,06 ^ 2.50 Bb 
A • 913 • 34 counts Xm 3.1216 x 1 0 * ' seo*^ 
*2 
0 
No 
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« 
50 sec 
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3.1245 X lO^ 
*1 
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K 
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m 
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K 
1200 «•« 
500 t«e 
0.037 
0.999 
5(ii 
1(2 " ^ »*o 
a « 0.606 
llo 3 3.1245 X 1 0 ^ 
7 2 
• _ . 0 • 4.0914 X 10' n«utrons/em -s«c 
T - 1 9 . 4 9 t 2.23 n«l» 
St^ B ( 2 } / Y ? ? 6 ^ lEfYl 
A a 258 Hh 16 oounts 
t^ « 1200 s«o 
t- « 300 890 
/\ « 3.1216 X 10"' aee~^ 
-t^  m 480 aeo 
e « 0,606 
e « 0.037 No « 3.1245 x 10^° 
7 2 
K « 0.999 ^«t'^ • "^ 'O^ "^* '^  ^^ nautpona/om -aao 
a m 21.19 ± 3.26 ab 
Hanoa tha ararana (n«Y} eroan-aaetion for tha raaotioxt 
^^<^M(a,Y) ^^^04 »t Bjj « 1.48 t 0.16 MaV la ftownd to 1»a, 
cr « 19.66 + 1.78 «b 
Sautron Bnaggy B^ t 1.89 * 0.17 «aVt 
A - 377 j; 26 oounta A - 3.1216 x lO"' aao""^  
t^ » 900 aao tj « 45 aae 
t, » 5oo aae Q » 0.229 
c • 0.0425 No m 3.1245 x 1 0 ^ 
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K m 0,998 '»••** " 3.1570 x 10' ntutrons/oa -s«o 
0 « 19,16 + 2,38 ab 
S«t A ( 1 ) / Y I 3 6 1 IfYi 
A « 836 + 13 
tj^ « 900 3*0 
t« » 300 800 
e m 0 ,037 
K « 0 ,999 
ootmta 
9» 
/^  » 3.1216 X 1 0 " ' aec""'' 
t^ » 45 800 
6 m 0 .606 
No - 3,1245 X 10^^ 
7 2 
, 0 « 3,1370 X 10 neutrons/o» -88C 
a « 13.42 + 2,28 ob 
A « 186 • 19 ©ounta A » 3,1216 x 10 -^  S80 
t^ « 900 880 t2 « 555 880 
%, « 500 880 0 m 0.606 
e - 0.037 Ho - 3.1245 x 10^ *^  
7 2 
K • 0.999 %T** " 3.1370 x 10 aotttrona/cm -880 
a m 20,14 ± 3.24 nb 
A - 4 0 6 + 30 oount8 A « 3.1216 x lO""' 88o"^ 
tj^ « 1200 880 t ^ « 35 880 
t . « 706 880 e - 0,229 
€ m 0.0425 »o « 3.1245 x 10^° 
K m 0.998 9.-.® « 3,0521 x 10' neutron*/oa-««o 
o m 17.57 i 2.18 Bb 
a«t B(l)/Yi361 k»Y» 
A - 1043 i 38 counts > « 3.1216 x 10*"^ o««*"'' 
t^ « 1200 SCO t2 « 35 8«o 
t, m 706 800 9 » 0.606 
e » 0.037 No « 3.1245 x 10^^ 
7 2 
I?: » 0.999 ?--.•<* » 3.0521 x 10' noutronfi/cm -soo 
o - 19.57 > 2.43 Bb 
Honee, tho aTorago (n,Y) oro88*«oetion fox tho roaotlon 
^^°Od(n,T) ^^^M at B^^ - 1.89 + 0.17 MoV Is found to bo, 
a « 18.73 t 1.92 Bb 
Houtron fiaovgy ILt 2.30 HK 0.16 MoT 
3ot 1(1)/YI31S koYi 
A « 240 + 22 oounto > « 3.1216 x lO"' seo*"^  
t^^ m 1200 800 t2 « 40 8«0 
20 
t- m 600 800 e ** 0.229 
e m 0.0425 No « 3.1245 x 10' 
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K m 0.998 9a«.»0 - 2,5192 x 10' n«utron»/om -8«o 'aT 
a « 13.44 ± 1,79 ab 
A m 605 + 29 countB X • 3.1216 x 10*"^  aeo" 
t^ ^ » 1200 see 
t , » 600 g«o 
c « 0.037 
K = 0 .999 
tp " 40 s«e 
9 m 0 .606 
No « 3.1245 X 1 0 ^ 
<P-w«<^  - 2.5192 X 10*^ 
a = 14.68 + 1.95 ab 
A » 415 t 'Q counts X « 3.1216 x lO"*' aac""^  
t^ m 1200 sao t2 «• 40 aae 
t^ m 800 aae 6 - 0.229 
20 
c - 0.0425 No - %1245 x 10*" 
K m 0,998 a ^.S - 3.815© x 10^ aatttKona/aa -saa 
a m 14.14 • 1.88 fflb 
A - 936 • 37 oounta ^ « 3.1216 x 10""' aao"^ 
t^ » 1200 aae t^ « 40 tfo 
t . • 800 B99 0 * 0.606 
CO 
do 
c m 0.037 »o - 5.1245 x 10^° 
K • 0,999 *»••* •• 5»®^58 X XO' neutrons/o« • • • o 
cr « 13.83 ± 1.84 «b 
H«ne« th« aT«ZB£« (n,r) erosfl-ettotion for th« vtaotioa 
^^°^d(n»Y) ^^^G4 at B^ - 2.30 + 0.16 M«V la Hound to 1>«, 
a « 13.99 + 1.59 »b 
Houtron Inergy B i 2.85 t 0*15 Me? 
Sot A { 1 ) / Y I 3 1 5 koVl 
A •90 + 13 counts )< » 1216 x 10 -^  sec 
\ ^ 30 sec 
e » 0.229 
No-3.1245 X 10^° 
7 2 
ffl -a«1.0452 X 10' neutroaa/om -aoe 
a » 11.01 ± 1.52 ab 
A • 225 + 2Z oounta > « 3.1216 x lO"' aoo"*^  
t^ • 1800 800 tj " 30 see 
t. m 700 aoo e • 0.606 
c » 0,037 No m 3.1245 x 10^° 
K • 0.999 f.*** « 1.0452 x 10^ noutxono/oa^-ooo 
0 m U.92 4- 1.64 ab 
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H«ne« th« aT«zttc« (n»Y) «ross-««etioA for iai« rtaetlon 
^*^Sd(n,Y) ^*^04 »t B„ « 2.85 -t- 0,15 M«y i s fotmd to bo» 
0 » 11.43 t ^'^^ o*^  
Table 3*4 t AotlTatlon oxoss-sootlons for the reaotlon 
Neutron Energy 
3.No. Bj^  (MeV) 
1. 1.07 ± 0.20 
2. 1.48 + 0.18 
3. 1.89 + 0.17 
4. 2.30 i 0.16 
5. 2.85 ± 0.15 
Cro88*8eotlon 
^(n,Y)(ab) 
25.43 t 3.03 
19.66 + 1.78 
18.73 + 1.92 
13.99 + 1.59 
11.43 + 1.44 
5.7.3 . ii!iaS£uiii!iiL^.^t«!ll2a. ap. . ,»»iv , 
povdier with imritjr better than 99.99^ of Mase 0.1610 gm 
and area 2.011 eoi was used ae target eaaple. The 
eaaple vae eandwlohed between tiro SI saaplee of s inl lar 
else and then Irradiated for a oertain tiae t^ at flTO 
different neutron energies of 1.07 HK 0.20 MeT» 1.48 + 0.18 
NeT, 1.89 t ^•^f ^•^* 2 * ^ 1 0*^^ ^'^ •^^ 2*®^ t ^'^^ ^*^* 
0 
Aft«r eaptttrlii« a Bvutzon, ^ I n beeoB«« In with 
tvo isoBsrlo «tat«« of h a l f - l i r e s 2.16 aeo and 54.34 aln« 
Tha 2.16 aao iaoaarlo s tata daoay by iaoaazlo trans i t ion 
to tha 54.34 Bin iaonario e ta ta . Tha ground stata of 
In irith half-^lifa 14*1 aao daoay mainly to tha ground 
116 
stata of 3n through p«»affli88ion. Hovarar tha 34.34 nin 
iaonario stata decay by 0<-ami88ion to tha axoitad s ta tes 
of 
116 
3n which u l t iaa ta ly decay to the gmund stata of 
3n giring f iye main y^xaya of anazgiaa 138.3 kaYf 
417 keV, 816 keT, 1*097 Me? and 1.293 MeV. Among these 
tranaitiona ve hare recorded tha l a s t four most intense 
Y-tranaitions and oroaa-seotion has been aeaaurad by 
oo\m.ting tha arants under each y-'^aak in every set of 
datat to get a more oonaiatant oross-aeotlon Taluea. 
Saoh yn^r vaa recorded for certain time t - in the pulse 
height analyalng oMde of the nultiohannel analyaar oouplad 
with Uta heavy lead ahialdad 50 o .o . 9e(Iii) detaetor. 
The erideaoe that theaa gajuaa raya were attributed to 
116 tha 54.34 min iaoaarie atata of In, tha daeraaaing 
intanaity of 417 keV, 818 ke7, 1.09 Me? and 1.29 NaV 
Y-raya ware plotted as a fonotion of deoay tiaa» aa ahovn 
in f i g . 3 .17(b} . All thaaa Y * » J B d«eay with a h a l f - l i f e 
of 54.34 min^thus confirming tha formation of In 
(T^/2 " ^4.34 Bin). A typical ainglaa gamma apaotrua of 
•^•" •^in along with that of ^^®I ia ahown in Fig. 3.16. 
Tha four aost intanaa gaaaa peaka along with 443 keV 
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12a 
Y-p»tk in til* d^eay of X a-ls&daxd saapla vaz« 2r»ooxd«d 
In •aeh s t t of irradiat ion at f iv« difforont noutron 
•noz^ioo and art slioim in fig», 3*18 to 3*21 for a s inglo 
so t . Tho aoaourod oroso-sootion oorroopondo to both 
isoBorie atatoo (2.16 aoc aeid 54.34 oin h a l f - l i r o o ) . 
H •utron Saorgy S^ t^ 1.07 * 0,20 MoY 
?fft A(?.)/Yi 4^7 ^fy« 
A m 9964 ± 115 ootmts 
t^ m 1800 800 
t , m 1000 000 
e » 0.031 
K « 0.9979 < 
/\ m 2.1255 X 10"^ aoc"^ 
tg = 360 800 
6 « 0.284 
No « 6.685 X 10^° 
7 
p„_.0 a 3.1450 X 10' noutrona/ea' 800 
203.31 + 27.32 ttb 
A « a 5 4 • 75 oonnta / « 2.1255 x 10~* ooc"*^  
tj^ « 1800 aoo ^2 * ^ ^ 'B*^ 
m 0.121 
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t* « 1000 800 0 • 
c « 0.0135 Ho m 6.685 X 10 
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(J m 236.71 -• 29.53 "b 
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a m 206 .51 t 27.40 «b 
t j « 1000 890 0 - 0 .575 
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A » 9146 I 99 
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e m 0 .0095 
K « 0 .999 
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y\ « 2.1255 X 10"^ 880*^ 
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0 m 0 .85 
No m 6 .685 X 10^° 
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- • 0 « 3.1450 X 10 n8utrona/(»B - s o o 
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e • 0.0155 
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-I2 « 1620 «•« 
• 0.121 6 
^o m 6.683 X 10 20 
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O • 0.575 
Ko« 6.685X 10 20 
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^«r*^ 3.1450 X 10 n«utrons/e« -ate 
208.91 -*- 28.96 ab 
3f^ A(?)/Tf lrff??fff^» 
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2.1255 X 10~* aae""^  
1620 sao 
0.85 
6.685 X 1 0 ^ 
7 2 
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A m 2585 i 60 ooianta ^ - 2.1255 x XO"^ a«e""*-
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t~ m 1000 8«e 0 • 0.2S4 
« • 0 .051 «o • 6 .685 X 1 0 ^ 
K m 0 .9979 9««.«® - 5.1450 x 10^ a«utK>iia/em^-8«c 
a • 200.30 i 28,46 ab 
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0.284 
20 
3.1450 X 10^ neutzon8/ov-8«e 
216.08 4- 29.94 nb 
3 f | A ( 4 ) / T ^ l tQ9 MfYi 
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A m 4774 t 79 «mmt» \ « 2*1255 x lO"^ smiT^ 
\^ » 2100 ••« t j " 217 a«o 
20 
t^ » 500 B»e 0 « 0.575 
e m 0 .0U5 ^o « 6.685 x 10* 
K « 0.9989 ^av*® " ''•^^^^x 10*^  netitrona/cm^-see 
o « 172,38 + 18.35 nb 
A m 5732 t 79 counts A « 2.1255 x lo"^ aeo'^ 
X^ m 2100 aeo tg » 217 aac 
t - • 500 aac 6 » 0.85 
e m 0.0095 Ho - 6.685 x 10^^ 
> 
£ « 0.999 'ar*^ • 3.8993 x 10 ' aautTOna/cm^-aac 
0 m 169.47 * 13.26 wib 
4 • 5652 i 87 oowata A « 2.1255 x 10*^ aao"^ 
t^ m 2100 aae t^ " "^^ "*® 
t^ m 500 aao 0 « 0.234 
c « 0.051 Ko m 6.685 x 10 20 
K - 0.9979 f ^ . a m 3.8993 x 10*^  nautxoaa/os^-sao 
tf » 169.49 t 18.26 Bto 
J O 
A m 1094 ± 56 ommts ;< « 2,1255 x 10*^ ••o"^ 
t^ m 2100 8«c t2 « 750 ««e 
t - » 500 s«o e » 0.121 
e m 0.0135 No » 6,685 x 10^° 
7 2 
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9 m 176.79 • 18.50 Bto 
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e » 0.85 
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*«Y*® " 3*&993x 10' nautroaa/em «-see 
a .160.55 t 17,96 ab 
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0.0095 
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t^ « 500 8«o @ « 0.284 
e « 0.031 No « 6.685 x 10^° 
K • 0.9979 'ar'® " 3.3995 x 10^ noutxons/em^-aoo 
cr » 175.47 + 19.51 mD 
Set A ( 3 ) / Y I 818 IcoYi 
A « 840 + 47 
t. m 2100 see 
t« » 500 see 
c « 0.0135 
K m 0.9988 
counts X « 2.1255 X 10"^ aeo"*^  
tj " 2250 see 
a » 0.121 
No « 6.685 X 10^° 
« ..0 « 3.8993 X 10' neutrons/om -see 
9 m 186.58 ^ 20.01 all 
A « 319* • *^  •©««*• X - 2.X255 x 10~^ see""^  
tj^  • 2100 oee *^ 2250 aeo 
t, « 500 aao 6 - 0.575 
t m 0.0115 NO • 6.685 z 1 0 ^ 
K « 0.9989 •sT*® • 5.8993 x 10^ neutxofts/oa^-eee 
a m 175.35 t 19.50 BH 
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A » 1965 i 53 coimta A - 2.1255 x 10~* aeo*^ 
tj^ * 2100 890 tg « 5790 88C 
t^ » 500 880 e • 0.284 
c « 0.031 No m 6.685 X 10^^ 
K • 0.9979 *ftT*** * '-^^^^ * 10^ n8utron8/o«^-s80 
a » 172.00 > 19.36 ab 
9t1 A(4)/Yf t^<^ ? tftyi 
A * 1572 • 47 oottBts > • 2.1255 x 10*"^ 88©*^ 
tj^ m 2100 88C t 2 » 5790 8«e 
t . • 500 880 0 « 0.575 
c • 0 . 0 U 5 No • 6.685 x 10^^ 
K 0.9989 ^^^.0 • 3.8893 x 10*^  n8tt*TOn8/«i^-880 
a m 183.03 • 19.85 uh 
A » 1868 I 45 eonzits > - 2,1255 x 10*^ ••cT^ 
tj^ « 2100 8«e tg • 5790 f«o 
t , « 500 s«o 0 » 0.85 
e m 0.0095 HO « 6,685 x 10^^ 
7 2 
K •« 0,999 ^av*® " ^'^^^^ * ^^ a«ut«»ns/o« - see 
or « 178,08 + 19.63 ah 
Heno«» th« avezafi* {n,r) eroao-seotion measured for the 
reaction ^•'•^Iv\(n,y) •^"•^ "in at \ « 1.48 ± 0 .18 MeV Is 
found to bet 
a m 173.28 + 15.44 ml) 
Neutron Energy E^i l,s^ + 0.17 MeV 
A • 605>4 ± 91 oounte A « 2,1255 x 10** aeo*^ 
t^ » 2140 eee ^2 " ^^ ^ ^ *^  
t. a* 1000 seo 0 « 0,284 
e - 0,031 Mo m 6,685 x 10^° 
K « 0,9979 *aT** * 2,5670 x 10' netttrons/o« - s ee 
<r m 140,98 •»> 16,25 ab 
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7 2 
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148.34 + 17.32 »!» 
3tt A ( 1 ) / Y » 1.09 M«Yi 
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t , » 1000 s ee 
e « 0 .0115 
K - 0 .9989 
ootmta X « 2.1255 X lO*"* 99or^ 
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1 U Ui 
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t - e 1000 see & » 0.284 
t m 0.031 Ko - 6.685 X 10^^ 
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K » 0,9979 f«w»<* « 4.0982 x 10' neutrons/cm -aoo 
a - 94.91 + 11.95 »b 
A - U98 • 56 ooanta A - 2.1255 x lO"^ seo"*^  
t. • 1800 aoo tj » 490 see 
t. m 1000 see 0 « 0.121 
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o « 103.86 + 12.77 ab 
> 
> 
o 
> 
2 
O 
o 
<s* 
11 
c 
Ixi 
^ 
< 
I/) 
> 
i r o 
'. O 
o 
l O 
r 3 
CO r-^ 
LJJ 
. o 2: 
CO - r 
CT) 
od 
en —' 
> o 
U 
o 
CO 
o m 
o 
_ < ^ 
o 
cs 
o 
o 
o 0 0 
o 
o 
m CsJ 
o o 
o o 
o tn 
•13NNVH3/SlNnOD 
o 
o 
o 
o 
o 
to 
(/) n 
£ ai 
6 
fT3 C 
u C O 
-»—•,—, 
JZ ^ 
u "o 
o 
<*> 
« i d (I 
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tj^ M 1800 8«e tg o 490 s«o 
t^ -r 1000 see 6 m 0.573 
c » 0.0115 Ho » 6.685 x 10^° 
7 2 
K « 0.9989 'av*® * 4.0982 x 10' n«utrons/cm -a«c 
a « 94.45 + 11.94 mb 
A » 5205 i 77 counts > » 2.1255 x lO""^  sec"^ 
t . « 1300 900 to -> 490 aeo 
« 0.85 
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t^ » XOOO see e »
e » 0.0095 Be » 6.685 x 10' 
7 2 
K » 0.999 ^ar** " ^•®982 x 10' neutTOns/em -eee 
0 « 91.26 jh 11.84 Bb 
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to bot 
o m 95.48 + 10.73 «b 
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0 m 0 .121 
v20 He « 6.685 X 10' 
7 2 
f , 0 « 1.2511 X 1 0 ' neutxoas/mi -890 ^»T-
9 « 77 .31 t 10«38 »b 
gtl 4U)/Yf 3lt99 )«fTt 
A « 3598 + 72 eo«at8 ^ « 2.1255 x 10** 890 
\^ m 4200 890 %2 * ^ ^ '*^ 
t^ a 2000 890 -e m 0 .575 
t » 0 .0115 Ho - 6 .685 X 10^^ 
K 0 .9989 f|iY*^ * 1«2511 X 1 0 ' aoutsoas/oM -890 
o m 76 .26 -f 9 .98 ab 
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10 i 
m MDM ;>.t?? t^Y« 
-4 -1 A m 4394 i 70 oounts > » 2.1255 x 10 ^  999 
t^ « 4200 sao t2 « 180 a«e 
tj m 2000 8«o e « 0*85 
e « 0,0095 NO m 6.685 x 10^^ 
K 7 2 
0.999 *^ av*^  " ^ '^Sll x 10 n«utrone/o« -«•© 
a m 76.25 i 9.98 nb 
A « 2549 + 65 eonntB }s • 2.1255 x 10 -4 „. -1 see 
t. tt 4200 800 ^2 ** ^ ^^ ^ ^ ^^  
20 
t- « 2000 aoe 8 » 0.284 
e « 0.031 No « 6.685 x 10 
7 2 
K a 0.9979 'av*^ •" ^ '^Sll x 10' n«utxona/cn -aae 
o m 78.51 ^  10.04 m)» 
A . 4 8 8 + 3 8 Qoisttta > - 2.1255 x 10*"^ aao*"^ 
t^ m 4200 990 t^ * ^^^ "*^ 
t , « 2000 aae 0^ m 0.121 
c • 0.0135 Ho . 6.685 x 1 0 ^ 
7 2 
K « 0.9988 ^tiw*^ * 1.2511 x 10' nautcona/os -aae 
0 at 87.75 f 10.79 «b 
§t1 A(2)/Y» 3li9? fffY» 
A - 1759 t 51 eouats ^ « 2.1255 x lO"* ••©"^ 
t^ » 4200 8*0 t2 *" 3660 8«e 
t , » 2000 8«e 6 » 0.575 
e - 0.0115 Ho « 6.685 x 10^° 
K « 0.9988 9«T*^ •" ^•2511 X 10^ n8Ut»ons/o«^~s80 
cr « 78.11 + 10.02 al» 
A « 2163 + 50 counts > - 2.1255 x 10~* soc'^ 
tj^ - 4 2 0 0 880 t g » 3660 880 
t. » 2000 880 0 « 0.85 
e - 0.0095 Ho » 6.685 x 10^° 
K m 0.999 9^^«Q * 1»2511 X 10' noutrona/ca -soo 
9 m 71.01 ± 9.84 «b 
H8ao8» tho a:r8zafl8 (&fT) oxo88-880tloa B«A«az8d for 
tli8 MaetlOB ^^'ln(n,y) ^ * * I n at asutxon m^iegj 
\ m 2.85 * 0.15 HaT l 8 fataid to ^8, 
o • 76.16 '¥ 9.02 ab 
iG9 
TabX« 3«5 I AetlTfttiott osoa8«««etlena for th9 s«ftvllea 
3 Mo Hvatron Batzsy* Czoea-Hitotien 
!• 1.07 I 0.20 208,90 + 24.73 
2. 1.48 i 0.18 173.?8 + 15.44 
3. 1.89 t 0.17 139.38 HK 14.53 
4. 2.30 + 0.16 95.48 + 10.73 
5. 2.85 + 0.15 76.16 + 9. 02 
3.7.4 ''•^ ^Bh(n.Y) ^^^"iih reactipi^t 99.99?^ speotrofraphioaUy 
2 
pav« ziiodliui poiiAor of aaa* 0.07235 ga and araa 2.011 OB vaa 
uaad «• tavgat. fha aaapla vaa irzadiatad alongwlth two 
•^aniart aa^plaa «>» a aarlaiii « 1 M t^ ^ at t±r. dlffarant 
aawksaa aaMTfiaa ia a a ^ aat. fha (a»Y} oxoaa<»aaatloA 
••amurad has* fov ''^'Bh ia oal j far 4.34 min laaaazie atata 
^^^*Bli. Tha laoMda atata ^^^Bh daaaya ttixeagli tha 
iaaaasia tsaaaitloaa ta tha gieaad atata of ^^ ^Bh« 7ka 
«aat lataaaa Y**S*7* tzanaltioa ia of 51 kaV irtiiah ia uaad 
fas aaaaaxiiii tha pxaaaat eMaa<»aaatioa Talaaa. 
Tha aridaaoa for tha orlnia of 51 kaT Y«*<aar vaa alao 
aa««lit ¥y 9Xottiii« tha daaxaaaiac iataaaitjr of tha 51 kaV 
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of 4.34 mln (Pig. 3.25). Ttio dooay sehoao of ^^ l^ih and a 
sinflos spoetzua of ^^^"fih along with that of -^ ^^ I i s also 
ahovn in ?ig. 3.22. Tho oharaotoriatie Y*>ra7 of 51 keY in 
tha dooay of ^^Wa. for oaeh irradiation wiaxgy ahova in 
jtUg. 3.23 to 3.27 for a singla aat. Tha valuaa of tha 
paraaatara anrolTad at diffarant nantron anargiae for tha 
oaleulation of tha ozoas-aaetion ara giran vi'tii aaoh aat. 
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reaction ^^'Bh(B,y) ^°^"Bh at n^ « 1.07 + 0.20 MeV la 
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7 2 
K • 0.818 ^aT** * 2*^529 x 10' n8tttroii8/o« -88C 
o • 11.15 t ^'^Q "^ 
H8no8» th« aT«sa«8 (n»Y} oso«8 soetlon for th* reaetion 
^°'Bh(n,Y) ^°*"jBh at B^ • 2.30 * 0.16 MeV l8 foTin* to b8, 
0 m 11.48 •»• 1.58 ab 
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Ntutxon Satzigy t 2.85 ± 0.15 M«T 
A - 1 3 5 3 + 54 counts ^ « 2.6613 x lO"' 8«o*^ 
t^ at I960 seo t2 « 20 3«c 
t ^ « 800 a«o e » 0.483 
€ - 0.1175 No m 8.5024 x 10^^ 
K » 0.818 9«w«^ « 1.2553 X 10' neutiona/om -s«o 
a » 8.75 ± 1.21 Mb , 
Henoe, the arsrage (n,Y) ozoas«>8«ction for the reaotion 
^°'Hh(n,Y) ^°^"Rh at neutron energy En - 2.85 + 0.15 MeV 1« 
found to be, 
a m 8,75 ± 1.21 nb 
fable 3.6 i AotiTatioa oxesa-seetioasfov the reaotion 
Heutxon Bnergy Czoas-seotloa 
•^*'®* Sn [MeT] ° (n.y) C«b] 
1 . 1.07 ± 0.20 15.40 • 1.93 
2. 1.48 i 0.18 11.38 • 1.02 
3 . 1.89 t 0.17 9.72 + 1.10 
4. 2.30 + 0.16 11.48 • 1.38 
5. 2.85 ± 0.15 8.75 + 1.21 
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5.7.5 ^ V (ft,T? ^m yfi?^l9fl« 
Pur«(99.992)aanfiaQft8e powder was used for the 
proparatlon of tho sanplo target. The aample vhose mass 
and area was 0.4383 gn and 2*Oil on reapeotlTely, was 
Irradiated along with two atandazd aanples In the sero-> 
degree forward direction with the proton beam by placing 
It at 2,5 em distance froa the trlslun target. Manganese 
le a fflonolsotople eleaent and henee the aotlTlty produced 
In the sample due to neutron Irradiation was of '^Wi» It 
decays through Y~«Biis8lon to the excited states of Fe. 
•56 °^ 
Most Intense Y-w»y in t^« decay of "^ Mn ls^O.847 MeY which 
5R , % 56 has been made usie of , f o r the measurement of Mn(n,Y) "^ Mn 
56 
c r o s s - s e c t i o n . The decay scheme of '^  Mn I s shown In 
f i g . 3 . 2 9 ( h } . To be sure iriiether t h i s gamma xny was 
attributed to the 2.578 hrs activity of ^Mn, the deereaslng 
Intensity of this gwama ray was plotted as a function of 
deoay time whldh gare a hal f - l i fe of 2.578 hrs (shown In 
Fig. 3.28). Similar Irradiations were performed at 
different neutron energies and erents under this 0.847 MeT 
peak were re corded for the oaloulatlon of ^^Mn(n,Y) Ma 
reaction cross-sect Ion at the fL-ve neutron enexfltm. The 
oharaeterlstlo y^VBy of 847 keV In the deoay of '^ Mn and 
12fi 
443 keT la the decay of I for eaoh neutron eaesfy are 
shown In Figs. 3.28 to 3*32 for a single set . 
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Hcutroa M&migj S^ t 1*07 ± 0*20 N«T 
A • 2857 + 56 oouata ) , » 7.4612 x 10 "^  sttO 
t^ « 3180 aeo tg » 390 8«e 
20 
t - K 3000 see 6 » 0.9887 
c « 0.013 No • 46.9027 x 10 
7 2 
K « 0.9985 ^-v*** * I ' l l ^ O * 10 ' neutrona/oB - s ac 
o • 7.72 + 1.01 ab 
A • 1350 + 40 couttta h « 7.4612 x 10*"^ sac 
tj^ m 3180 aao tg •• 5820 aao 
t^ « 200 aao 0 « 0.9887 
e « 0.013 Ho • 46.9027 x 10^° 
7 2 
K » 0.9985 'ar** " ^•^^504 x 10 ' nautrona/cn -aao 
o » 7.92 • 1.03 "lb 
Hanoa, tha araraga (n,Y) oroaa-aaotion Baaaurad for 
tha raaotloa ^^^MnCn.r) ^^Mn at B^ « 1.07 + 0.20 MaV la 
found to b«, 
o « 7.82 + 0.97 «b 
ii3 
Ntttttson Sa«rg7 \ < 1*48 ^ 0.18 M«T 
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» .0 * 0.8716 X 10 n«ut2»ii8/ott -a«c 
o • 4.53 ;f 0.52 mb 
H«noe, the arsxage (n>Y) oros3«»8eotlon measuzwd for 
th8 reaction ^ ^ ( n . r ) ^^ Mn at B^^ - 1.48 + 0.18 Me? la 
fotmd to be, 
a » 4.53 -t- 0.52 ob 
Heutron Energy E^ t 1.89 + 0 . 1 7 MeV 
A m 1370 ± 43 count» > • 7.4162 x 10"' • •o*^ 
tj^ at 1800 800 t2* 1650 aoo 
t , « 3000 800 e » 0.9887 
c . 0.013 Mo m 46.9027 x 10^ *^  
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o m 3.96 + 0.47 "b 
> 
5 < 
is 
II 
c 
8 8 ^ ^ 
U3 lO •4' «'» CM 
•13NNVHD/SlNnOD 
t 
R 
CO 
o 
CD 
CO 
CO 
UJ 
O CD 
c 
(X) 
IT) 
00 D Z 
< 
X 
nj 
o 
•D 
x: 
I 
00 00 CM 
e I 
u 
r> i 
It. 
C 
'pi 
1 HI J 
jgSJLAUli 
A r5 -1 280 + 20 counts y » 7.4612 x 10~^ 8«e 
t^ m 1800 8«0 t^ m 92X0 8«0 
t^ * 1022 s«o e » 0.9887 
c m 0.013 No - 46.9027 x 10^° 
K m 0.9985 ^ar*^ " 1.9218 x 10^ neutrons/om^-soo 
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Hene«, tb« arera^* (n,Y) oros3-a«ctlon measurod for 
the reaction '^^(n^y) ^^ Mn at E^^ • 1.89 + 0.17 MeV IJI 
found to be, 
a « 3.93 + 0.43 mb 
Meatron Bnergy E^ ^ i 2.30 + 0.16 MeV 
A m 846 • 34 counts > » 7.4612 x 10*^ aeo*^ 
tj^  » 1000 sec t^ « 1320 see 
t^ a* 2000 seo 0 m 0.9887 
e • 0.013 No « 46.9027 x 10^® 
K - 0.9985 faT*** " 2.7107 x 10^ neutxons/ea^-eeo 
a m 2.64 i 0.35 «b 
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H«ne«» th« arvzage (n,Y) oro8«*8«otioa awMrored for 
Y) ^Kn at nautron «n«rgy, B^^ « 2.30 • 
0.16 M«7 Ifl found to !>•• 
a m 2»64 + 0.35 mb 
Neutron Bnorgy S^ i 2.85 + 0.15 MeV 
A as 686 ^ 32 oounts } \ m 7.4612 x lO*^ aec 
t^ m 3300 see tg « 1380 sec 
t- « 2000 960 0 » 0.9887 
c • 0.013 No » 46.9027 x 10^^ 
7 2 
K «. 0.9985 1>««.0 «• 1.2936 x 10 neutrons/can -sec 
0 » 2.08 f 0.29 nb 
H«ioe, the flcrerage (ntr) oross-seet ion neasured 
f „ t h . « . o * l , n 5 W n . T ) '**> a* n a t r o n « . x „ 
S^ m 2.85 ± 0.15 NaT l a found to be, 
a m 2.08 •¥ 0.29 mb 
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Tabl* 3*7 I Tli« aotlratlon o»>ss«-8«etloa8 for th« rvaetloa 
• 1 W B W W B 
S.NO. 
1 . 
2. 
3. 
4. 
5. 
i W I B M U M W W W i l l l l W W W I I 
NttutroB Bnexgy, 
Bn [H»V] 
1,07 I 0.20 
1.48 ^ 0.18 
1.89 t 0.17 
2.30 + 0,16 
2.85 + 0.15 
Measured crosa-seotlon 
*'(n,Y) [ob] 
7.82 + 0.97 
4.53 i 0.52 
3.93 t 0*^5 
2.64 + 0.35 
'•Mt 
2.08 ••• 0.29 
3.7.6 ^ H U . Y ) ^^ Y gfftOnpftt 
The speopure powder of ^2^5 ^^^^ purity better 
than 99.99/, va« used for the preparation of the aaaples. 
Tvo aaaiplee of oaaaes 0.12495 5B, 0.09589 ga and area 
2,011 ea eaeh were used as tar ie ts . In the natural 
Tanadlutt aa^ple, the ahundanoe of ^ V ia 99«75/o* Another 
atalile laotope ia '^T iriwse ahundanee ia only 0.25/^ » 
•or«BTer» i ta end paoduot in the (n,T) reaetion i s atahle. 
Iheaa tvo aaaplea vera ixradiated alone with standard 
aaapla in hatvean then for a oertain t iae t^ at the fiTO 
differant neutron eaergiaa in eaeh aet. The oharaoteriatio 
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gmamtL zay l ia« of 1.434 M«y la tb« dteay of '^  Y, pzoduo«d 
by th« rvaotloa ' V(n,Y) V, VM 8orl«d out and t&o 
oounts undos this photofoak: voxo steozdod In FR4 aodo of 
tho attiltloliaimol analyser, oouplod with tha high raaolutlon 
Oa(Ll) dataotor, for a partloular tlaa t - . Tha daoay 
aohaoa of ^ V and tha racoxrdad alnglaa apaotruo of '^  V 
128 along irlth I ara ahovn In ?lg 3* 33* To ba aura that 
tha gaama«-ray paak appaarad at anargy 1.434 MaT la only 
dua to tha daoay of "^ Y, tha oounta tmdar tha photopaaka 
vre racordad at subsaquant time Intarvala during Itn 
daoay upto sararal half-llvea and ara plottad in Fig. 3*34. 
Tha dharaotarlatlo ganma ray of 1.434 MeV In tha daoay of 
5^ Y and 443 ka? In tha daoay of ^^ ®I ara ehoim In 
Figs. 3.34 to 3.38 at aach nautron «iargy, for a slngla 
aat. 
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7 2 
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aai 
a « 2.25 jK 0.22 mb 
Neutron Bnoxigy S^^^  t 1.89 + 0.17 MeV 
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the reaction 5^V(n,y) ^h, at E^^^  « 1.89 + 0.17 MeV i s 
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a « 1.78 + 0.20 tab 
Heutron Energy B i 2.30 ^ 0.16 MeV 
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HttiMt th« ar«ra|[« (n,Y) exo88*8«ctloii for th« MAotlon 
% ( n , y ) ^^ V at Ijj^  • 2.85 + 0.15 M«y la oMalntd aa 
a • 0.92 + 0.13 «to 
fabl* 3*8 1 AotlTatloxi eiross-saotiona for tha raaotlon 
Nautron Enorgy, Cro08-saG'llo& 
•^^ *^*- B^ (Me?) '*{n,Y) [nD] 
1. 1.07 + 0.20 2.84 t 0.35 
2. 1.43 + 0.18 2.25 i 0.22 
3 . 1.89 + 0.17 1.78 + 0.20 
4. 2.30 + 0.16 1.64 t 0-20 
5. 2.85 •• 0.15 0.92 i- 0.13 
Th9 eaptaia oroaa^aaetiona for tha raaotlona 
^O'fihdi.Y) ^°*"B1I» 55,fia(ii,Y) ^^ Mn and ^^vCa.Y) ^^ V ara 
aaaaastd at f l v o nantson «iarglaa of 1.07 • 0.20 MaT, 
1.48 + 0,18 MaT, 1.89 • 0.17 Mo¥, 2.30 + 0.16 MaT md 
2.85 J- 0.15 M«V. Th«8« ezo88-s«otlen ralu^a mxn tabulated 
in Tabl« 3«9« Th«0« data togathar with Hf zaaolta of 
psarleus IziTaatlcatloiia^^ (lAiaraTar arailabla) ara ahovn 
in Figuraa 3*39 to 3*44. l^ haaa aaaaazaaanta pasorida a 
aaans for taating tha aeouraoy of tha atatistioal thaoxy 
of nuolaar reaotiona. iribiidb ia vidaly us ad with varying 
dagraaa of auooaaa to pradiet nuolaar propartias inoluding 
anaxgy avaragad croaa-aaotiona. Tha axpariaantaX naaauza-
aants ara also uaaful for tha ohoioa of atxuetural and 
fual eladding aatariiils in tha dasign of fast nuolaar 
raaotora* 
Tha Taxtioal arror bars in our azparimantal results 
Indieata the r .a . s . standard deriation in the Taluea of tha 
orosa-saetiona and tha horitontal bars reprasant tha 
neutron energy spread asaoeiatad vith aaoh data points. 
The solid ourraa in Figa» 3«39t 3.40, 3*43 and 3*44 
represent the s tat i s t ioal lOieory oaloulations due to 
Holmes e t . a l . ^ (See Ohi^ter I I , seo. 2.1.1)• 
In the preaant ezeaa-saetion aaaauraBeata, anriehad 
iaotopaa of ^Od and ^'^Sa vara used as aaaplaat while 
rest of the eraa8->aa<)tleBa vara neasured using apaotzo-
graphloally pure aaaplaa vith purity better than 99*99°/(. 
i 
Oadeliniua i s oaa of the important alamant/^ aa far 
aa reaotor deaign ia eoneaxnad. It ia used in tha eoatrel 
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ii M ITS tf\ 
JL tJ hj 
rod of tho voaotoxo^^'^^'. Tho eaptoro osooo<^totlon fos 
for tho xoaotion ^^Od(tttY) ^^ O^d li*o bom aoMnirod 
pvebalily for tho f irs t tiao in tho abOTO OBOX|7 soclon. 
TabXo 5*10 and Figuro 3*43 ohev that agrooaoat hotwooa 
12 i 
oa^oriaontal and thoozotloal orooa-oootion Talaoo ' 
upto about 3 MoY OBorgy lo cpilto good and honoo tho aodo 
of roaotlon vhieh takoo plaoo upto thla onozgy i s voXl 
prodiotablo vithin tho franoirork of atatlotloal thoorjr* 
Tho (n,Y) ezGsa-aootlon for ^ o roaotlon ^^Sa 
(n»r) 3a i s also aoasuzod using onriohod saaplo. Only 
ono oa]d.ior Boasuroa«it for this roaotlon haa boon roportod 
by Johnsurd e t . a l . ^' using natural aaaarltuB ozido and also 
using Nal(Tl) detoetor. Thoir valuos aro in gonoral lovor 
by about 20l from our aoasuroaonta. Hoiroyor, tho agrooaont 
12) 
botvooB o3CporiBOBtal and thoorotioal rosults ' airo quito 
good. 
Alloys of •aBadiuB is one of tho fuol oladdiag aad 
stsuotusal aatorials boiag ooBsidoxod Ibr futuvo fast 
saaotoys iaaigBiBg. Spoopuro aaaplos voro uaod for tlia 
Y ) • orosaHiootioB BoaauxoBonts* Our Boaaurod 
Taluaa aro gOBaxally hiifhor than tbo aoaauroBants of 
JohBsnd atvaX*^'' ozoopt at 2*85 MoT onozfyt sharo tho 
aiXooBOBt la faito good [?lg« 3«44]« • Hdvoror* tho 
BoaauxoBBBts by Sodoy ot.al.^^vho haTO aoaauxod (n^Y) 
oxBaa^aootlOB upto 1«$ No? aoutson onorgy aro SOBS irttat 
Ql08«r to wkT aftAflnistBioata* nui ralu** of SoAoy ot««l. ' 
4o net oliov tnj oystoMitio Tftrlatlon la thio tnosegy xogloa 
ao 1« eloar fxoa Figuzo 5«45« 
ladlaa i s also aa lapovtaat aotal boiac iMOd la 
tho TirooAor vtaetort aa a faol la tlio foza of Tlic-Ia aad 
Pu-In a l l o y o ^ ' ^ ' . Tha looatzlo ozoss-oaetloa "'"la 
(n,Y) '"Xn for tho tvo Isoaozle statos (54*34 aln» 
2.IS 8«o) haTO boon aoaaurad. Two oavllor aoaauzoaonto 
15) are avaHablo la this onozigy jeaglon. Johaomd ot .a l . '** 
haro Boaottzad tho Isoaorio ezooo-aootloas aolag Hal(Tl) 
dotoetoir. Tholr TaXaos axo ooapazablo vlth oaz aoaaazo-
Bonts vlthln oxpozlaontal l l a l t o . Hovoror, tho data polats 
Boasurod by MonlOTO ot. a l . ^ In tho aboro enocgy roglon 
aro la fair agroonont vlth our data i^ lats . 
Bhodlua Is oao of tho laportaat aoabors of tho 
oXoBoato bolac uood In ooatzol rod deolgala^^'^^* Tho 
oxosooooetloao t9x tho xoaetloa ^^'llh(n,Y)^^^fiJ» '©>? 
4*55 ala looBosle atato* havo booa aoasuxod probably 
for tho f l m t tlBO la tho sbOTO oaorgy zogloa. At aoatroa 
oaosiloa bolov 1*5 NoT, oaly oao BoaauzoBoat by 
aala^ bota dotootloa toohai«ao lo aTallablo la tho 
lltoxatast* Hio ezosa«Hiootloa raluo at 1*49 MoT lo la 
good agiooBoat idth oar aoaoaaeod ralao at 1.49 NaT, vhllo 
bolov tliio oao«nr liia Talaoa axo lovor by aboat y>X f ZOB 
oaro* 
6'i 
Th« allojrs of •Iroctnltui vlth uaaxavi^f I0 iu«d 
M ea« •£ tli« stzaetuxml «ftt«xi«l in tli« iniol«ftV pov»r 
Maetom *'^^« A f«v prwrioiui ••aauxvacnta for tho 
xoftotiea '^ifaC&tY) Ki^  &>• aTftllftlilo in th« litocmtuzo 
la th« alMTO oaosiy roglea, bat o«r miMurtd OB»««* 
atetion -raluoa aro quit* high at 1*07 Ma?. It ia hifhar 
by a factor of two to throo than tha prarlotta Miaauvtnanta 
of staTlaalcy and TolatlkoT^^' and Johnarud at»al« ' ' • At 
othac anorglaa our reaxCLts ara aonavhat olosar to tha 
. . . n > . . « > t of J.)m.>ad . t . i a . ^ S ) . At 2.85 M.T n . . « » n 
anocgy» our oroae-aaotlon -ralua ia in good a«raaa«nt 
ilia: 
21) 
20 ^  
with tha raault of Sorbanko et.al. % hut is ana l r 
by about 50/> from tha moult of Laipunskay at.al.' 
Our azparlBantally maaaiurad eross-saotlon raluaa for tha 
raaotion ^^Mn(n,Y) Mn ara ganarally highar by a factor 
of 2 to 4 itkay>^ ^ * thoorotioal raluaa ' in tha abOT* 
anargy ragion. 
To aztraot aoaa dafinita 00 noluaiouj^ about tho 
xoaotioa aaohaaiaB viiieh raproduoa tha azpariiaaatal. oxoaa-
aaetioB data in tha abOT» anargy ragion, vt hava ooaparad 
our Boaaurad valuaa of o^^Jinty) with tha thaoratlaal 
aalaulatloaa of Holaaa at. al.'^^Svhidi ia baaad uyoa 
tha atatlatleal thaozy. Out of aiz auAai atudlad iu tha 
,>..«* »><k «. b.T. 1.4. th. o,m,uA,jlon for «h. f<»r 
SallO* 
Iabl« 3*10 I Th« (n,r) ftotiratioa exesa-scotleii for th« 
r«aetlon ^*^»d(n,T)^^^M 
•^^ ?£S? ^•'*^ ''w^ '^^ ^ t^hM<^ '^ ^ W"'^^. 
1 o ) .;» 
'1 [M«?] [mb] [ab] th«o^ 
1 1.07 ± 0.20 
2 1.48 + 0.18 
3 1.89 t 0.17 
4 2.30 ± 0.16 
5 2.85 > 0.15 
25.43 t ^.03 
19.66 + 1.78 
18,73 t ^'^Z 
13.99 + 1.59 
11.43 +• 1.44 
23.4 
24.4 
22.2 
17.4 
10.6 
1.09 + 0.13 
0.81 + 0.07 
0.84 + 0.09 
0.80 + 0.09 
1.08 + 0.14 
Table 3.11 t The {n,y) aot lvat loa orosa-aeotion for the 
reaction ^^^3m{n,y)'^^3m 
Meutron Baeisgy ^exp^n»Y) <»theo^^*Y^ '^t?!?,'^ 
[MoYJ [«b] [mb] *^ *® 
1 1.07 ± 0.20 50.49 t 6.16 33.5 1.51 t 0.18 
2 1.48 + 0.18 43.16 > 4.52 30.5 1.58 j; 0.15 
3 1.89 t 0.17 45.88 + 5.69 33.6 1.37 + 0.17 
4 2.30 + 0.16 23,28 * 3.45 34.1 0.83 t ^-^^ 
5 2.85 + 0.15 24.08 + 3.32 27.0 0.89 + 0.12 
i o u 
Ta1»l« 3*12 t 9h« (n,Y) aetlTatioa exesM-Hito-HoiL fiDS th« s«aetioa 
S«No. 
1 
2 
3 
4 
5 
5 ^ ( a , y)^ 
N cut son Bn i^igy 
[ M«V ] 
1,07 + 0,20 
1.43 • 0.18 
1.89 t 0.17 
2.30 i 0.16 
2.85 • 0.15 
W 
[•to] [»D] 
7.82 > 0.97 
4.53 t 0»52 
3.95 t 0.43 
2.64 t 0.35 
2.08 + 0.29 
1.8 
1.4 
1.2 
1.0 
0.8 
4*34 t 0.54 
3.23 t O''^ 
3.27 t 0.36 
2.64 t 0.35 
2.60 -I- 0.36 
Tftl»l« 3.13 t Th« (n»Y) aetiratloa exoss-aaetlon for th« r«aetion 
S.NO. 
X 
2 
3 
4 
5 
Natttm^Baaw o.^i^.y) ^^^i^*y) 
C llaT 3 
1.07 t ©•«> 
1,48 ^ 0.X8 
1.89 t 0«17 
2.30 • 0,16 
2.85 t ^'^^ 
MnMMHnHMnnnH 
2.85 t 0-95 
2.25 ± 0.22 
1.78 ^ 0.20 
1.64 t 0.20 
0.92 • 0.13 
1.90 
1.93 
1.15 
1.04 
1.06 
1.50 i 0.18 
1.17 t 0.11 
1.55 t 0.17 
1.58 • 0.19 
0.87 • 0.13 
0 "I 
0 i 
' in and ^^ ^Bh w« h«Tt ••Miiun»4 only iMmizlt atat* 
oro«»»s«otloA, htnoa BO •oapaxlO'A oould 1M Mtd* for 
Tatolofl 5*10 to 3*13 givo tho •zpozlaontally 
Boaaurod Taluos of (n,Y) oroao-eeotlon togothor vith tho 
thoorotioal Talaos at tho abOTO flTO inoidont noutzon 
onorglos. Tho oxporiaontal and thoorotloal ozoaooaoetlon 
initio <'exp('^ »Y)/<» j^jgQ(n»T) haro ho«i pilottod aa a fuBotion 
of noutron onozjgloa for tho roaetioaa (Id(BtY) ^ t 
^5S«(n,Y)^553a, ^^}ta{n,y)^^¥ixi and ^H(n,Y)^^V, and azo 
dlaplayod la f ig . 3«45« Tho thoorotloal Taluoa of tho 
oxoaa-aootiona ara in agraoaont vlth tha oxporiaontal raluoa 
vithlB a faotor of tvo. Tho faotor of two nay ho duo to 
tho foot that tho atatiatloal aodol oaloulatioaa ara 
paramator dapandant * % apaolally tho oalenlatlon of 
loToX donaity irtiiah playa an iaportant rolo. 
Hauoo* i t la Inforrod that atatiatloal thoozgr ia 
qaito aoooptahXo in tho ahoro oaoxgj rogiOB» and tho zoaetlona 
takaa plaoo aoatly ^zoagh tha ooapouad nuelotta foxaatloa 
•oohaaiaa* Thorofora* tho (n,Y) oroaa^aaotion ean ha voll 
pxodietod hy atatiatioal thoozy of naoloar zoaotioa upto 
5 NaT aoatsoB «B0Zfy» in ooatraat to tho auggoatioaa of fov 
vozkora ''^ that ia thia onozfy zogioa tho ooBtrihution duo 
to aoa-atatiatioal psoooaooa la alao pzoaont ia tho ezoaa* 
aoetiea. Qmx flading aapporta tho aozk of I^iadhala ot.al.^^^. 
3 -
2 
1 • , ^ , k ^^%d(n.Y)^^^Gd 
0 
3 
A 2 
] 1 J y Sm(a-Y) Sm 
0-
V 
O 
y Q. g 5 
3 
2 
1 
Oh 
1 4 ^ * r 'V(n;Y)52^ 
} } 
\ \ 
^^Mn(n.Y)^^Mn 
1-0 1.4 1.8 2.2 2-6 30 3.A 
NEUTRON ENERGY (MeV) ^ 
th«o^^'^^ versus Neutron Energy 
i d .'J 
Mffmn 
1. V. 3«nBi and M.V. Boirtolanl t NUOTO Olntato 58 (1965)2X6. 
2. J.L. Rowlands i Pxooaodinga of Intoznatioiial Confoxonoo 
on N out son Physios and Nuoloar Data for fioaotors and 
othor Appllod PurposoSf Hanrol (1978) ?• 
3. V.Xi. Zljp and J.H, Baazd > ITttoIoax Data Oulda for Boaotor 
Neutron Motrology, INDC (EUR) - 15/GR (1979). 
4. B.J. Allen, J.H. aibbons and R.L. Maoklin i Adranoea in 
Nuclear Phyeios 4 (1971) 205. 
5. H. Beer and F. Kappelar i Phy, Rev. C21 (1980) 534. 
6. 3. Joly* J. Voignler* Q, Renler, D.M. Darke and 
L. NUsson t Hud. Znat. and Meth. 153 (1978) 493. 
7. H.M. Agraval s Ph.D. Thesis* sulmitted to Allgai^ 
Miislia UniTersity Ali^axA (1979). 
8« S.F. Mughahghah and D.Z. 9a:ri>er t BNL-325 (1973). 
9* D«Z. Oarlier and R.S. Kinsey t BNL»325 (1976). 
10. V.D* Haailton, The BXeotroaa^etio Interaotion in 
Huelaar Speotseseopyi (Herth-Holland Publishing Ooapany, 
U.K., 1975) 775. 
11. O.N. ]#ed«rer and T.S. Shiiday t Tables of Isotopes 
(John Viley and Sons, Nov York, 1978) 7th edition. 
id3 
12. J*A. B:O1»««, S.B* Wooslty, V.A. ?oirl«v and B.A« 
Zlui«zBan t AtoBie Data and Nuelaar Data falBlaa 
18(1976) 505i oaltaoh Oxanga Aid Rapxl&t OAR-422 
(1975) and Pxirata Ckiumnioatiosi. 
13* T.C. Euffllon» I*A* Hofiara «id S*H, Palna t Raaotor 
Hand Booki (Intaraeianoa PuUXlahara Zne. Daw Tozk» 
1960) Vol,I, 211* 
14* H.H. Haaanar and S*B« Roboff < Matarlala for Nuelaar 
Povar Haaolior (Halnhold PubXhihing Corpoxatlon, Nav Yozk 
1955) Vol. 7. 
15* A.S. Johnszud, M.Q. Sllbaxt and H.H. Baraohall i Phy. 
ReT* 116 (1957) 927. 
16. N.D. DucUy, R.E. Hanlrleh and A.A. Madaon i J. Nuol. 
Eatriy 23 (1969) 443. 
17. H.D. lanloYa* K.li. Coop and H.A. draneh i Phya. Rav. 
163 (1967) 1299. 
18. 3.A. Cox t Pliy. Sar. 133B (1964) 378. 
19. T.T. Stairlaaky and V.A. TolatiltaT t Atoa. Baargy 
10 (1961) 508. 
20. A.O. OoTbankOt 3.M. ZakhasoTa, V.B. Kolaaar and 
A«V. fSMXfhmr i J. Nuel. Baargy 20 (1966) 675. 
21. A.I* Lalpvaaky a t . a l . i Pincaedlnga of Saooad Unitad 
Natioaa Intaznatloiial Coafazbnoa on ttaa Paaeofol 
uaaa of Ateaio Baaxgy* Oanara (1958) 50. 
i 4II 
22. R.R. Roy and B.P. Nigjui t Nuel«ar Pliy«le« (John Wll^j 
and Sons Ine., Nov Tezk, 1967) 200. 
23* BroAdhoad o t .o l . Int. J. Appl. Rad. and laotopoa 
18 (1867) 279. 
24. A. Iilndholm, L. S^ilaaon, M, Ahmad, H. Anwar, 
I . Borgquiat and 3. Joly J Uucl. Phy. A339 (1980) 205. 
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SSTIMATION or BSCAPS PBOBABIIiITT Of PROTONS FBON 
PROPOBflOHAL OOITHTBfiS PZLLBB k'S T>lWf^Bmi LOV PRBSSURBS 
Althott^ proportional oountom karo boon aupplantod 
by aMii-ooaduotor diotootora for photon apootroaeopy In 
tho «iorg7 raglon aboTo a f ov kilo-olaotson Tolta, thay 
atiXl ranainl^tha Important Inatrtsownt for abaoluta photon 
intanalty noaauramanta ^^' In tha anargy raglon baXov fav 
ttnaj^ka?* Slngla nrkv proportional oonntara ara of many 
fold intaraata^"^^'. Thay ara uaad for tha atndiaa of 
nnelaar atmeturaa aa vail aa nuolaar raaotiona. Tha 
diffarant paranatara aaaooiatad with nuolaar atraotnra 
an oh aa nnolaar alaetxon eaptnra ratioa tmm rarioua 
8halla^°»^^^, K/p* ratioa^*^^ and fluoraoanoa yialda fro« 
rariana Aalla^**^'^^^ h«ra i^ooaaafnlly baan Haaaurad,^  
NoraaTar, thay ara aaployad in tha atudiaa of oonraraion 
•nd W a r ilaotxena^'^*^^' aaaooiatad vith gaaMi md 
X-ray a» psoTidad tha praaaura of tha gaa inaida tha 
oaantas la ada^ata to atap tha« total ly in tha aanaitira 
•olWM. fox tha aaaanrawint of raaation omam aaetiona in 
1 X ri 
th* {n,y) and (&>«} rtsetioas* pzeportional oottttt«r« with 
^ i a idadevs «x» 9<fimXlj good as anj oiai«r d«t«otox^^ ''• 
Mliilalms* lov l«TiiL pxepoztloaal oovntars (/^lO o«o.) 
luiT« b««n iMployed for th« study of nstsoxltss and Xuaar 
SMiplss \ PxeportioiiaX ootuslsss f i t t sd irlth photoanlti-
pl isr , ars «ssd for ths s t ^ i s s of clsctzon avalaaohs 
pxootss % Thszs azs uny o^or applleatioas of pzopeiv 
i ioaal oouxifesrs vitb axtozxiaX as vs l l as IntamaX soures 
pxoTlsloa* 
A spsoial typs of proportional oountsr has bosn 
ooastxaotod ' idilflh oan bo f l l l sd at any dssirsd prsssurs 
in a short t ins and in idiich ths souros oan bs plaosd 
intsmally with provision for i t s ooTsring by an absorbor 
at any dosirsd t ins without disturbing -^s prsssurs insids 
ths oountsr* Using th i s oountsr, vs psrfomsd an sxpsrimsnt 
to sstiaats ths variatioa of tho osoaps probability f|^  of 
axion O-rays with ths prsssurs '• Ws hars ail so dstszMinsd 
ths intsnsity ratio X (KX rays)/! (14.4 ksY T«-niyo) ^^  
diffsrsat prsssurss % Ths saEpsriasntal ratios ars in 
fa ir airssBsnt with ths thsorstiesl Talus« fhs eoastaaey 
of th i s ratio at thsss prsssurss supports ths rsliabiXity 
of ths sxpsriasnt* 
4«2.X Otsiga sad ooastrustioa of ProportioaaL eouatsrt 
Ths p»povtiOB«l oountsr (Fig* 4*1) ooasists 
ifuiiir/nitlfilttirfrrr.'rTrntn/nHnm/ti/iiuju 
11jniHiiiriiiri^iiiiii*iwiitiiii>i<?l»i)vi;;, i.sr.n, i<^\.;M..•; 
saoB 
SCALE' 
CM 
^i|4i t (X) S^«aatle lajeut of proportional ooiantor,(ZI) Cut* 
away TIOV of ond plato portion* (III) 91do -viov of and 
Plata portion ( i l lnatratira)* At Annular xlagi 
Bi YaeuuBtight aoratola knobi Ci oylindrieal ooppor 
eathodof DiBad platoi Bt Souroo oarzying parapaz oupi 
Oiaiaaa anralopai KiHigh-Taouua glaaa atopeooki 
L,L*i01aa8 alaaraai MiMioa abaorbart 0|0*lO^ringei 
PtOup holding parapaz rod| RtSouroa(Oo^^ )i S.,S2tS«,3^i 
Thraadad aorawai TtTungatan «ira(anoda}) 
WtOallophana vindow* 
of ft eylindxleal ooppoi? o«thed« 0*1 oai thlek, 16 em long 
•ad 7 <m la dlui«t«r» •adloatd by m glass wiTilops 
0*2 OB thioky 22 om long sad 7.5 oa in disawtsr* Oas end 
of ths glass saTclops ims tiLossd, i h l l s ths othsr was 
opsa, sad a iHixspsx aaaular rlag was glusd oato ths opsa 
•nd vlth araldits. "nhs emtral vlrs was aads of tuagsisa 
of dlaastsr 0.001 em. I t s sads vsss fassd with thlok 
tuagstsa loads vlth glass alosriag to dhsok spurioiui 
oounts. k psxspsx sad plcts was attaohsd to ths opsa 
«nd of ths €Miuatsr> si&pportsd hy aa O-rLag. This plats 
also ssxrrss ths purposs of olssalag sad mouatlag ths 
souros Insids ths eouatsr. Pxorlsloa was mads la ths sad 
plats for slidlag a aioa absoxbsr of thiekasss 10.75 iBg/effl 
OTsr ths opsaixig of ths aoures to stop sugsr and ooaTsrsion 
ti.sot»>as 1A ths eouatsr. k thin vladov was also i&ads 
oa th is plats for oalibcatlon purposs. Ths sad plats 
asssahly was fizsd Taouuii tight to ths oouatsr with sorsws 
aad sn O^rlag. Ths oouatsr was eouplsd with a loeally 
dssigasd fast gas f U l i a g asssMhly ( f ig . 4*2)« whi^ 
snablss ths ssunlsr to hs f i l l sd at aay dssirsd prsssuzs 
hslow atMOsphsrls pvsssurs. 
4.2* 2 Souros prsparation aad •ouatiagi 
A radioaotirs '^Oo sourost whioh dsesys by 
sOLsotna ospturs md sshibits iatsrasl eonrsrsioa of gsAMi 
xsyst was obtaiasd fmm Bhabha AtoKie Bsssar^ OiBtrs, 
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BoaliAjr (Zxidlii)* in iSBL9 foai of a o«rxl«]>-fr«« OeOl, 
aoltttloa. A f«v d»p« of souzoa W«M daposltad ujiifosnly 
in th« oftntva of a tliin aylar (0*5 m^car) elzoalar film 
of dlaaotor 0«5 oa l»y aoaaa of a aosslo dmppor aad voro 
aubsoqaon'lly allovod to oraporato all a oonstant toaperaturo 
luidor an Oloetxio laap. This ayler f l l a was than plaood 
at tha ontzo of a porspoz oup of Inaor dlaattor 0.6 on 
and depth 0«1 oai. AAotSior perapox dlao 0*2 cm thiok vHai 
a taporad bozo (0.1/0.2 on in dlasotor) in i t s e«ntzo vaa 
aountod oror tho oup idth axaldita in oxdor to aohiOTO 
the pzop«r goooatry. 7ho oup was than fixad parpandicularly 
on tha and plat a of tha oountar with tha help of a perspax 
zod of appxopziata longth. fha langth of tha xod was 
ohoaan so that sadiation fzoa tha souroa fa l l in tha 
aanaitira rag ion of tha oountar. 
4.2.3 BxpariBtntal prsoaduzas 
fha bloek oisooit diagraa of tha apaetzo-
•atar ia ahoim in Vigura 4.3* Iba TOltaga poXaaa fzoa 
tha pzapaztional oountar vara tti. to a 912 Ohaanal IIS^ IIOO 
•ttXtialiaiuiil mAyaar, Tla a oatheda follavar» a liaaar 
aMpIiflas and a diaoslBiaator. Yha apaotza V9X9 zaoozdad 
idth tha htlp of a tiO-apzintaz. 7o pazlbn tha azpariaant 
aith ''^ Oe» tha eeuutar vaa f ilXad vlth 90/^  azgon and 10% 
•athana at pzaaattzaa of 10 em Hg, 15 em Hg, 20 an Rg» 
23 oa Hg wd 90 OB Hg. Tha apaetra vaza zaoozdad 
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••9«]^«At«l7 at taoh px^nnvuf and aaoh spftotna vaa oallbzatad 
wlHh lAia htiLp of an '^9t aouroa» vhieh aaits axaanle KX-xaya 
/ot anazify 10*5 lc«V. ^Sa vaa placad naar tha window of 
57 tha eotmtar In tho presonoa of Oo aonrea, lAleh had baan 
plaead baforahand Inalda tha ootustar. Bafora raoordlng 
tha spaetrvra, tha ~^Co aouroa va« oovarad with miea abaozbar 
with tha halp of a parspaz eliding knob, flttad outslda tha 
oountar. At aaoh praaoura two oonaaoutlwa apaetra *A* and 
'B* waza raooxdad* Spaotsoa *A* waa raeoxdad In ABD aoda 
of tha •oltlfAianntl analyaar, kaaplng tha ''^ Sa calibration 
sourea naar tha window of the oountar. Spaotran *3* waa 
raoordad in tha SUBTRAOf aoda of tha nnlticAiannal analyser, 
after raoovlng tha calibration aouroa fxoii tha window for 
the aaaa duration of t iaa , keeping a l l other azpariaental 
oonditions identieal* Now aubatraoting spaotxa> 'B* fsoa 
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*A* wa gat Iba pure '^Oo apaotram in tha low-enargy region. 
This preoaaa waa repeated at eaoh counter praaauxa and tha 
apaetra obtained are ahown in flguraa 4.5 to 4.9. 
4*3 Analyaia of tha aoaotag i^ 
Xn tha salawaat part of tha daeay achena ^ of '^Oo 
( n i « 4.4)» tha 156.4 kaT leral in "^^ Fa la fad 99.B% by 
eiLeatron eaptura daoay of '^Oo* fha deninAt aoda of 
da*axoitatloa of thia larel ia (mainly 88.8^) by two gaana 
tzanaitiOAa of 122 ICaT Ad 14*4 ka? in oasoada. Another 
DECAY SCHEME OF Q^'^ 
706.8 KeV 
366- 8 KeV 
136 4KeV-
14.4 KeV 
FIG.4.A 
RELEVENT PART OF THE DECAY 
136-4 KeV 
14-4 KeV 
1 ^2 U 
aod« of d«-«xeitfttion of th is lorol (I l«2/} 1» ^j a y n y 
tnmoitioa of I36«4 koT to tho gmmd atatt of ^"fo. Slaoo 
our iattrost i« ooafiMd eaXy to tho lov m%wtf park of 
tht apoetzitB, Hio radiations higher thoa 14*4 koT ganaa 
rays haro booa diaozlaiaatod. 
In oaeh aubtraotod apeotrua at diffaront prosauras 
(Fig. 4.5 to 4.9) va obtain ^raa olaaily definad paaka 
oorzaopoadiag to 3*4 ka7 aaoapa of azgon KX raya, 6.4 koT 
O-rays of iron and 14*4 kaT anoonrartad gaaaa yaya. 
ConvarsioB alaotxona of X4*4 kaT garama rays md auger 
eXeotroaa were not detected in the present speotzaa as 
these were total ly stopped in the sliding aiea absorber 
by idiioh the source vaa eoTered. The f irst tvo peaks aay 
•57 be explained by ezaaining the interaction of -"Fe X-rays 
with the argon atoas in the eounter. Since the photoeleo-
tr ie prooeaa of X-raya absorption ia predoainant in this 
«atei«y range* the '^ 'Fe X-rays ionise the argon atoa ia 
their iaaar eleotroa she l l s . If this shell happaaa to be 
K-ahellt the tneziy of the ejected photoeleetxoa ia the 
«iazigy of iaoideat KX*zaya (6.4 kaV) aiama the blading 
saezfy of the azgoa E-aleatsoaa (3*2 keT). this piMte* 
•laetaoa la iaaadlataXy abaoi^d ia the eouater* fhere 
i s aov a poaltlre eaaxgy of 3»2 keT in the ioaiaad argon 
atoa. If thla argon atoa raozganiaas with aaiasloa of 
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3 )t«? argon X-rtyn, t)i«r« i s « f lni t* pnbAbll ltj that tliia 
X-x«ar will •soap* tmm th« eo«ii1(«r« Sitte* tli« aiioa O-ray 
do«s net haT« •nongli «i«ziy to ioalao aurxow&diiic aaegoa 
atOM In tho K-triiolI, i t a«at intoraot vith L or M 
•loetxoas, i f i t i s to bo absoxbod in tho eountor. Conoo-
quontly tho absorption oooffieisnt of argon for i t s own 
X-rsys i s raLatirsly aaall. If ths argon aton doss ssoape 
from tho oounter, thsro wi l l bo a puLso fomod eorrosponding 
to tho onorgy of inoidmit gsataa rays ainus tho enorgy of 
argon ICX->rayo i . o . (6.4 • 2.96} •> 3*44 koY. Tho third poak 
in ths spsotrua oorrssponds to tho 14.4 ksY unoonrortsd 
gaiitffla ray a dvs to tiio dooay of -''Co. 
Tho offioisno^s for tho dotootion of 6.4 koV KX-rays 
and X4.4 koT gaaaa rays wars dotorminsd from tho oztrapolatsd 
22) 
photeolootrio absorption oooffioisnt data * tor tho argon 
gas aad i t s sffsotiro thioknoss at saoh prossttrt . tho 
oacprosaien 
1 - [H^ - M]/H^ - [1 - sxp (-lut)] (4.1) 
was tisod tox offieisaoy ealoulation, lAioro ^ i s ^Mto-
absozytioA oootfioiont ( in oa^/ga) at partieolar cno^ur 
and X i s tht sffootiTS gas thioknoss (in ga/o»^). At 
difforsat prsssmrss tho dotootion offioionoiss aro 
eiiLottlatsd and aza glrsn in Tab Is 4 .1 . 
i - i ' j 
fabl« - 4.1 
FlllliiC BffcetiT* D«t«etloii •ffioi«aoi«e^ Eseap* pxob-
prmaBWCw MXgon ttiiek- abililiy of 
of no«8 9 KX-raja T-rays axgon KX-rays 
oountior («g/e«^) (6.4 koY) (14.4 koT) ,^ , -rt-3\ (ea of Eg) ^ V ^° ' 
10 4.490 8.17 35.01 35.89 
15 6.735 11.87 44.69 34.65 
20 8.980 15.22 51.86 34.16 
25 11.225 18.33 57.39 32.67 
30 13.470 21.20 61.78 30.69 
Tha axpaxrlfflcntal ratio of the Intensities of KX-rays to 
14.4 keV gawBa rays has been deterained as t 
.i^KvT-Siy) - ^ ^ v ^ ^ ' ' <^ -^ > 
iriiere A Q la ISie asaa uaAer the KX-raye peak, A^ g i s the area 
under the azgvn eaeape peak* A^  le the area \inder 14.4 keT 
vneoiiTerted iawM sagre* and S^ and E r^ are the deteotloa 
efflelenolea for 14.4 keV gaMaa ngra and 6.4 keT KX*zaya 
reapeetirely* She aaae ratio haa aLoe been ealoolated 
thaeretLeally «alaf the deoagr aeheae of '^Co and o ^ e r kaoini 
parawitera*^*^'*^^^. Taoanoiee In the K-ahell of Iron uhleh 
aro reaponaible fo r the e«laaloa of SX-rays are prodnoed by 
the fl»ll0¥ln« four pSBoeasea i 
( i ) K-aleotron oapture of ^'oo. 
lAJ 
(II) K-lBt«niaX ooT«rsloii of 14*4 keT gammm. r«gri, 
(III) K*liit«Bi«l 09aT«raloa of 176.4 koT gmmmm XB^B, 
( I T ) E-lntoxnal eoTorslon of 122 koT gaiuia says. 
Lot us suppoao that 'a* zadiatlona aro anlttad fron 
tha aouroa '^Oo« Slaoa K/It-fM alaetxon oaptuza ratio la 
glTon aa^'' l l i l , hanea 
(I) !nia K-ahall Taoanolaa pxoducad dua to K-daotxon 
eaptura » n ||> » 0.9164 n (4.3) 
(II) K-oonyaraloB ooafflelant and total ooToraloa 
eoafflelanta ara known for aaoh gamna 
24) txanstltlona ^^  and ara daflnad as 
"k " Y *"** " T • "Y* 
hanoa, a^  » Total dlalntagratloaa ^f^— (4.4) 
Nov 14.4 ka7 gaiuia tranaltloas(iriiloh ara In eaaeada vlth 
0 
122 iCaT transitions) has a eontzlhatlon of 88.8/0 of tha 
total dlalatag)?atlon. Hanoa ualng Bq. (4*4)» Taoanolaa 
la tha K-ahall daa to iC-oonraralon of 14.4 kaT gaana 
sagra arai 
[aj] - 0.888 a X ^  « 0.6957a (4.5) 
14.4kaT 
idiara Oj • 7.5^*' and a^ « 8.6^^^ for Ml tcaaaltloa, 
(111) far 136.4 kaT Y*^3?*&"itloas» idiosa ooatrlhatloa la 
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only 11.2/0 of tbo to ta l dlslntogsmtlon, tho K«8h«ll 
•aoanoloa duo to '^o K-ooiiToraloii of 136.4 koT gaana 
rays ualiig Bqn.(4.4)aro ast 
[ • j ] l35 ,4 fe^y - 0.122 n x ^ ^ ^ . 0.0126 n (4 .6) 
irtiort a^ a 0.13^^^ and a^ « 0.147^^^ for 
pura S2- transit ions 
( I T ) For 122 keV y-tranalt ions , whooo oontzibutlon 
l8 88.8/'^ of tha to ta l dialntagration, tha K - ^ a l l 
raeanolaa due to tha B:-oonvarslon of 122 kaV gamaa. raye 
aras 
f*K^122 kaV " O.esSn x ^ ^ § | | - 0.019n . . . (4 .7) 
whara a^ • 0.022^*^ and a • 0.025^^^ for Mi trans i t ion , 
Henea, using Bquations (4.3i /4.5i) /4.6)and(4.7)tha to ta l 
K-ahall raoanoias pxoduoad • (0.916 •»• 0.6937 •*- 0.0126 > 
0.019)n - l.fi419n (4 .8) 
Mov idaoa by daf ln i t ioa 
a*(14.4 taY)«rf' ' l^tl} • f W ^ f f dt^ a to K-^ ^onytJ f^^ ^n of 
Bj-vx^.^ #«w«Lxat«iaity of uaeorartad gamut rays I ( Y ) 
Ihi ^fT T-ffllff] (4 .9) 
Or, 
or, K T ) « 0.0925 n (4.10) 
•1 r ' 
1^1 
AltOf %h9 Inttasity of KX-zmys 
/ 
« 1.64 X '^jj 
» l,6419n X 0.29 « 0.4762n (4.11) 
i^«r« <^ ]^  Is the Ko8h«ll fliu»r«e<me« yield of izon 
Honoo, 
Table 4.1 ehowe a. oonpazie on of our experimental 
[I(0»raye)/I(14*4 IceT t raye] z»tlo at fire different 
preaauree vith the theoretioal ralue. 
Table -> 4.1 t A eoBparisjon of experimental and theoretioal 
•aluea of I(KX-ray»)/I(14.4 ke? y-wya) 
Bxperlnental ralnea Theoretioal 
(at differ«at preasurea of neroury) ralue 
10 oa 15 oa 20 oa 25 oa 50 ea 
5.55t0.80 5.19^0.72 5.23+0.63 4.88+0.54 5.14+0.51 5.15 
Tlie eaoape probability of arson EX-rays at diffeaeent 
preaauxeo vaa Aatexained by taking the area under tke 
O-raya peak and the eaoape peak. The pa»bability vith 
lAieh XX-radiatiea eaoapea f » a the eouater fol loviai 
o 25 \ 
A 
' I ' ^ ' ^ ^ K ' *E ***** (4*^') 
vh«re 9|^  i s th« pzo^atoility with lAioh an iiiold«ttt q,uan-tiui 
•J«ets a K-«X«etsoa of azgon and ! • obtainod fso« th* 
photo«l«etrlo absezptlon ooaffiolaat In tha rasioa of 
E-ftbaosptlon odga, c^ ^ la tho fluoraaoaaoa yiald of tha 
K-ahall of aaogoa and C|^  la tha probability, a-raxagad OTor 
tha vAiola eountar, vith ifhieh a quantua of K-radiatioa 
aooapaa fzoa tha oooatar. Za tha praaant vozk |)|^  • 0.9 
aad (^ 1^  ** 0.115 axa takaa fxoa safarancas 25 and 25 vhila 
c^ raxiaa with prasauxa. Tha aaoapa probabilitiaa of 
axi^ OB o:-raya, fj^  at diffavant pxaasuxaa hara baaa 
tabalatad in Tabia 4*1 aad i s also plottad aa a faaotioa 
of pxaaauza aa ahova ia Figuxa 4* 10. 
fha aaoapa psobability t^ for axgoa KX-xagrs ! • 
plottad aa a faaetioa of pzoaaaxa in Pig. 4»10. Zt ia 
aaaa that, apazt fzoa tha fXaoraaeoaea yiald of tho 
iadiTidaal gaa, f^^ dapoada aaialy oa tha psoasaxa of 
tha oeuatov gaa. fabia 4*1 ahowa a ooapaziaoa of our 
axporlaaatal X(0:->raya)/I(14.4 koT T-xaya) ratioa at fira 
diffaraat psaaaaroa with tha thaorotioal oao. At oaoh 
proaaaro tha ozporlaaatal valaa ia ia agraaaaat with tho 
o 
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thaozvtieml raltt* wlti&ia •zp«rlB«aital •nrar, InAieatlii^ 
th« saoeth fvuwtioaia^ of th« ooimt«r and th« »ilift1iility 
of tho oxpozlaont. 
This t«abiilq,tt«, vlth oortain lapxoTMioatst o«n bo 
uaod to Inrootlgato auoloar proportios ouoh as intoznaX 
oonrofaloa of gaaaa raya» baek aoattoring of oomroraion 
•lootzoaa and gaana sajra fxoa tho aoaroo baoklBi aatoslala, 
aalng uaooTarod eaJnnos>->froo nulioaotiro aoureoa. fho 
wall affaot oan bo alalalsod by plaolag thia ooaator la a 
atsoag oafinotie f iold '' parallel to tho cotantor axis, 
and honoo hl#ior oaozigy radlatioaa can alao bo studlod. 
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N0CLBAE STHTOfURB SfFBOT OH K-B&BOTfiDN CAPXUBB 70 POSIf RON 
EMISSION BAZIOS FOB ALLOWBD TRAHSITIOBS 
5.1 i;ntro4v<^t^9in 
In nuelear physlot iiany of tli« aspeota of th« 
th«or«tloaI deseziptlOA of p--d«oaar haT« bam Tezlflad 
•xparlmantally erer tha yaara but a fair of than axa s t i l l 
xinsatlafaetozy. Blaotson oaptura la a manlfaeitation of 
tha vaak Intaraotlon batvaan nueLaoas and laptonat tha 
laptonsln tkls eaaa ara atomle aLaotzons and nautxlnos, 
Hueloair daeay by alaotzoa eaptura Is not; only ralarant to 
auelaar 80lanoa> but i t ia of aany fold intazaata in 
gaoebattiatxy^S eoaaelogy^ » aatzopbyaioa % nuelaar 
aadieina '^' and tadiaolofly. For ^ a eaptuza txanaitiona 
for iihioh poaitson aaiaaioa ia aaargatioally allevad, Iba 
infba»ation about tha eaptara abapa faotor and tbazaby 
about tha diatzlbutioa of pxiaarsr holaa ia tha ato«io 
oi^itala, aay ba darirad f xoa availabla iafozaatioaa 
oa poaitaoa ahmpa factor* For thia xaaaon Z/p* ratio 
ia alao aa iapertaat panaatar irtiieh givaa tha ralativa 
pxobabilitiaa of daoagr by C*«(Laot8on oaptura aad p* 
iS8 
•mlstioii. 7li« vtady of Z/$^ vatlos i s oa« of tho aoro 
•OftoltlTO yn^m of 4loto»d.iiiac «a uppor l l a i t oa tho Floss 
intorfosonoo tom^' If ono ooasidors tho Intoxaotloa 
other tban 7*A. 
It hso boon obsorrod that oontrazjr to ouuiy othor 
physioal aspoots of ^-^ooay vhloh has boon Toxlfiod 
oxposlBoatally oror tho yoars, tho dlsagrooment botvoon 
escpoxlaontal md thooxotioal K-oIootx»n oaptaro to positron 
oBlssion ratios for allovod transitions iaoroasos with 2r* " ' • 
Thoorotioal S/p'*' sratio oxooods, in ginoraI» ozporiaoatal 
•(d.uoo by \Q-'\5/o in aodiuai and high Z rogions. Efforts 
havo boon aade^' ^^ ^ to oxploro tho sroasons for this 
disoropanoy, bat a satisfaotoxy iagreomont botvoon oxporinont 
and thoory oould not bo aohioTod. 
Ono of tho roaaoao for tho disoropanoy botvoon 
oxporiaw&t and thooxgr i s s%iggostod» basod on tho nuoXoar 
stmoturo offoot^'^^' lAii^ i s gOTomod by tho oxooss of 
aoutsoas oror protons in aodiun and hoavy SMLSS aueXoi. A 
soal-o«pizloal rolation has bo«i psoposod^^' id&loh oxplains 
'ttio dOTiatloa of os^orlaontal Taluos fxoB that of thoozj. 
(l-dooagr Intoxaotion i s a vsak intoraetion and 
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has T«xy aihort xmg; fhls atans that tha irata of alaotson 
eaptnra la cSLoaaly salataA to Ifaa dtnaitiy, at tha nuoXaua» 
of alaotxoaa aralla^Ia for eaptuxa. Slnoa E-aLaotsBons are 
tha aoat t l ^ t l y botmd ilaotroaa and hara Xaz^o da&aity 
naar tha au^aua* in atoaa thay ara moat lik«tLy to parti-
olpata in <iLaet»n eaptara daoay oad tha^ ^ r^afora tha 
K:-«a.aetn}n eaptura la tho doainant pzooaaa. 
^-deeay lataraetloa oan ha axpandad Into a aarlas 
of taras aaoh oorxaapoadlng to a deflnlta ralna of orhltal 
an^ fuXar noaanttw oarrlad off hy tha laptoa f la ld. Tran-
sitions lAiieh oan t>roeaad idth no lapton orbital angular 
ffioaantnm ars osllad alloirad» thosa iri&loh raquira ona tmit 
of lapton orbital angular aoaantua ara eallad f i r s t 
forbiddan, ato. Tha rasulting salaotion rolas for nuolaar 
total angular aoaantua tranafar and parity ohaaga ara 
glTan baloir''i 
« •!> 1 allovad 
» » 1 fixat non-unitua forbiddan 
m (-l)"^ n non-unlqua foztilddan 
« (•1)**"'^  (n-1)*^- nniqaa ferbiddan^ 
h9X9 (^i,*^) iB^ A (^f*f^ daaota spina and partitlaa of 
in i t ia l and f i sa l amalaar atataa and va hava J «• l^^'^f^. 
Xm tha «B.aatma aaptara prooaas i f wa tska into 
aeoouat tha saarvaaiaMaat of tha Olaotxen ahalla and apply 
tha anovgy avaaocration lavat tha aaziattB tnazty earxiad 
^ J « 0, 1 
^ J • 0, 1 
A j m n;>l 
AJ mn>l 
^1 *f 
*i «f 
« i * f 
« i « f 
i&O 
by a«ttt vinos 1« K1T«I 
byl5) 
il^^Anti^Ae - \\{ . . . . ( 5 . 1 ) 
yOff AHB. l9 th« dlffexNiQoe of nnolo&r Banoos of tho 
Init ial and final nucl«U8» z^Z i s ^ * absorption of 
onoxgy given by z^ ^ « mRz'"*' vhoxo a i s a paraaator and 
haTo ralus of 2.4> £ » a /2 « 13.6 aT i s ths fiydbsrg*a 
2 2 2 
oonstant and ( \ | * a Zs /n bsing tha binding anssgy of 
ths oapturad d. sot son. 
To psxsit orbital oapturs by ths nuolsue, ths aass 
of the in i t ia l atom mast bs^fxom aquation (3*1}» at least 
e<|ual to the mass of ths final atomi irtioncs ths oondition 
zNMa ^l\l ' Ae orziMa ^ 0 idisrs 0 ^^Ma^a m^C^, p* 
emission doss not occur. 3ut when ths snsrgy oondition^ 
An. ^ . ..0^ ror p- *...,. 1. mmx.a. . . . p,.i.»« 
dsoay oonpstss vi th alsetzon oapturs. Hsnes ^^ saission 
i s always assoeiatsd vith tiLsotron oapturs. 
ths total oapturs probability from a l l ^ s atoaio 
shalls i s giTon by * 
^ o - ( « V 2 » ' ) XnjjCjjfjj . . . . ( 5 . 2 ) 
idisra g i s ths vsak iatsraetion ooupling oonstant, n^ 
i s ths oooapatioa probability of orbital x in ths in i t i a l 
atoBle statsv 0^ la ths s lsotwn oapturs analog of a bsta 
spectrum shape factor and f^  I s equlT-alent to the beta 
deoay Integrated Feml fimction and I s glron by 
f, « ( V 2 ) <lx Px ®x • • • • ^5.3) 
Here q i s the momentum of the neutzlno anitted» vhen 
an electron hole Is l e f t In orbital x, i . e . W » 1 - B 
» q - V (from energy conservation laws) , ^^ i s the 
electron radial warefunction amplitude subject to the 
f i n i t e nuclear s i s e and screening effect» and B^ i s the 
electron exchange and imperfect ware function overlap 
factor. 
For the electron capture for which positron emission 
i s energetical ly allowed the following general result holds. 
K/ >p+ - ( | n ^ C^  x^^ /^ p^-*- °^ ^^  •••• ^5.4) 
where 
fp+ = J°PWF(-Z,¥) (VQ - W)^ dW . . . . (5 .5) 
idxere p is the positron momentom (in unit of m^o)* the 
maximum positron momentum P^ « (V^ ' D » ^  is the 
positron energy (in unit of m c ), Z is atomic number of 
the daughter nucleus, ?(-Z, V) is the ?ermi function and 
C(¥) the spectrum shape factor averaged over the p"** 
spectrum. For the allowed transitions for which 0(W) * C^ 
f«wi.a and 0ftao«->7«Xl«r am(^«ar aalisLz •l«a«iita x««p«e<-
t lTt l j , th« K-«l«otroa eaptuiw to pesitzon aaisaloB xatlo 
hftfl a Tary elaple tojm ' 
Aj/Xp+ - V p * , (5.6) 
If It Is asfiujBod that tha Intaraotlon la only V-A typo, 
othorvlao tho Flora Intorforenoo torn would havo boost 
prooont* 
With tho aid of Sqa. from (5.2) to (5 .6) , tho 
K-eXootron oaptuxo to positron omlealon ratio for tho 
allowod traneltlon la ohtalnod as 
K/p -\Ap+ » --T- ; (5.7) 
2 p pWF(-Z,W)(¥Q-W)'^ dW 
a 
whoro. p^ la tho K-ahall oiootron wavo fimotlon a«plltudo. 
F(*Z,V) la til a Farad fmaotloa to eoatlnuua vara fit&tttloii» 
n^ la tha azobaaflia-oToriap eorrootlon, Y^  Is tho poaltren 
>axliiii> and point anorgy and W^  . 1 - t^ la tha K-ahall 
aaongy Inolmdln^ root aaaa anaxgy, vhara €^ la K^idiall 
hlndlne anarfy. 
$«2.2 Sanation of Bxoari»antal kf/S^ ratios fro« tha 
fhaorart 
Heat of tha raeant ealoulatlona of thooratloal 
l^ /^ '*' xatloa only a«raa to vltiiln a fav paremt, hanoa 
1 "^^  
l O t i 
8U0h a lazs« disompanoy eaaaot 1>« aooountsd for thaoxatl* 
eally as ahova In flgusa 3«1* nius viiat Is zaqiilrad about 
tha azparlaa&tal rasiilts^azt muoh aoxa prsolaa naasuramants 
of K/^ '*' ratios. For this r«ason» froa tho vast body of 
•zparlnantal data vs hars saleotsd a Ha l t ad auabar of K/^ *^  
ratio aaasuraaants for allowad traasitions for iriiloh ths 
aaasuramtnts liara boon dona praolsaljt uaing tha raoant 
taohniquas* In thasa aaasttraaanta only ratio for transitions 
to a final siaela stata in tha datightar nuolaus ara inoludad. 
Sons of tha rasults vara also raoaleulatad uaing tha raoant 
fluorasoanoa yiald Taluas. fha oritaria for ohoosia^ tha 
oasas for suoh a ooaparieToa iraa» that thosa maasursfflants 
vhioh vara dona praeisBly eorrasponding to an azrror not 
Bore than lO/o vara takan undar oonsidaration". 
Thaoratioal oaloulations for K/p'*' ratios vhidli iii%x^ 
oonsidarad for tha oonparis3>n parposa* ^mn ai^a by 
Baabynak a t . a l . uainc axpiraaaion (5.7}t on tha baaia of 
Parsd. foraiilation vith a aaro Fiara tara idiieh la canarally 
aeeaptad. Moraover, tha affa«t of holas in tha daufhtar 
atoa la tha Intamotion batvaan tha outar alaetreaa aad 
tha aafIliad Inaar orbltala, la tha Bahoal*a approaAh** '^, 
vara ooaaldarad in thalr ealeulatioaa of alaetzoa ax^an|[a 
and iaparfaet vara fanotioa OToi^ Lap (K>rraetloa faetor. In 
o 
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funetions p|^  mv tiAcmi fzoa th« tablt of N«BB aiid 
Vabezr'*^^, 1di« ?«SBi funotion to oontlauuB V»T« fBAetlon 
t h * Bodlf lad •i;oli«B4[« 
OTvrlap oovr^etloas 3|^  due to Baabyao^ o t . a l . ' S tho 
positzon aazlmum ond poiat oaozgy W^  fxem tho tablo of 
Wapstra and OOTO^' and tiio K-ieAioll inosigy laoltidlng root 
mass Vj|r » 1 - j^r» idiozo ^|^ i s tho K-eholl biadiog oaoxiy 
20) takoa fzoB Lodoror and 9hlz>olo3r*8 Tablo of Isotopoo ' 
Tho zatio of tho oxporlsontal and thoozotlool 
ratios aro tabulatod In fahlo5V),idiloh shovo that tho 
thoorotioal raluoo conozally <aoood oxporlaoatal TaLuoo hy 
10-1$;^ la nodlua and high Z rogioas. Bffozto haro boon 
aado to oxplozo tho roaooao for this dlooropaa^ by aany 
phyoieloto^* S taking into aoooaat tho difforont 
thoosotloal rofiaoa«ito la K/^* ratio but no oueooss la 
aohloTod ae far* 
I t haa booa ahova by Baaibynok ot .a l . '^ that i f 
latoxfoxoaoo tozaa botnooa 3«>T and T-A intoraetloaa azo 
takoa into aoooaat» oao haa to laoludo tho highov ozdor 
tozaa (Fiom tozaa) iato tho nuoloaz aatzlz oloaoata for 
tho allovod K/p"^ zatlOB in Iho foza 
-{r -nf- - H ^ <5-»> j r • I - m 
llJU 
iih«>« li If pxopoxtloaal to lzittsf»rtno« b«-kir«tB S and 7 
or f tad A iBtormetlon. ?or tho puro T-A iiit«z»o1tlon 
ktevoTory iil i i^ Is gonoraLly aocoptod, b « 0« Tko 
oorrospondlng eorroctioa oontaina fozm factor eooffloioats 
vhloh depoad upoa aaeloar struoturo aad reduota tho thoo-
ratioal K/§* ratios by about 3% 'or Z « 80. 
Tho aodal iadapandaat radlatlira oorraotions 
(•Xootroaa^aotio radiatioa eorrtetlon) diffom la tha oast 
of alootroa oaptara faoa that of positron oals^loa. Tha 
ealoalatlon of posltzon onlssloa vas earrlad out by 
Vllklason and Macafltld ' . An Inoroasa In tha probability 
of '^'' oBlsslon i s found as* 
t^^ ^ fp4.( l + ^g(¥,Z)} . • . . ( 5 . 9 ) 
ahldi thus raduoos tha thaoratloal K/^* ratio. Tha 
oerraetlen faotor laeraasas as W^  daoraasas aad as Z 
Ineraasaa aaad aaounts to only l.S/!) for ^ O o ^ \ If It Is 
asouaad that tha oorraotlon i s aultlplloatlTa aad not 
additlTa* HovoTsr, tha radlatlva eorrsotlon for alaotron 
eaptuza hava aot baan oaloulatad so far. 
Za tha stTsraX papara tho diserapanoy vas neplalaad 
by latxodaaiac aaooad oxdar laduoad ourraat^* ' lata 
tha thaazatloal daaariptlea of tha vaak Intaraotlon i^loh 
• iolata 0*parlty aad aza aharaotarlsad by tha oouplinf 
iS7 
oonntant fn, fh« •xl8'l«no« of this aeaonlo ••oond elaas 
earev&t )im» ^•«n «LOO«pt«d) although i t has uagllglbl* 
eotttxlhntlon tovaueds K-tleotron oaptu3?e to positron 
•olasioa ratios for allovod transitions, as pointod out 
by Bahrana and Buhring ^'. 
Raeantly, tha affeot of aIaotron<-alaetron oorrala-
tions on tha K-alactzon captura probability haa bean 
11) 
oaleulatad by Chan and Craaanan ' using a multioonfigu-
7 
ration Hartraa-Foek approach for 'Be. Thay have shown 
that K->eleotxon oaptura probability deoreasaa by about 
Ij^ for 'Bai for nadium and heavy nuclei this deorease 
will be s t i l l smaller. 
Thus, i t ia inferred from the aboTO diaousaioa, 
that suoh a nodifiad thaoratioal oaloulation, for K/p^ 
ratio ia tha fraaaworlc of Pami theory oanaot account 
aueh a large diaerepaney that axiat batveea theory and 
ezperiaeat. 
' • ' if i l lrfifti4^il iSf^ flliffB I f f 1/il Iil4t» 
teyloyiag the Aeaeaio aeooad elaaa eurcaat ttiaory, 
laaa et.ad* ' in another appxeao)i daviaed a gaaasal theora 
vhloh Mdified Xi^^ ratio by a factor of 2apZ/3R aaaed aa 
ahapa aavraatlea faetor aad found that the ratio (K/P'*')^„ 
(K/8'*')theo. ^***«** oonreotioa ia giran by 
iO 0 
« 1 . .2||£ ( ir i thp>0) (5.10) 
irh«r« a, Z and R hare th«lr usual naaniagfl and 0 i s an 
axbltraxjr oonstaat (a l l in tha unit of ^ « • « o « 1 ) . 
fitapatxiek t t . a l . ^ oaloulatad tha thaoratioal K/^"*" n t i o 
for allovad txanoitions by tha analjrtioal axpxa0Bion(3«7). 
LadinghaB at.al,^'^ plottad W^*)^j^p/ ^^/P^Uhao *" * 
funotion of ZjiT'^ by taking tha axpaximantal raluaa l is tad 
by Ifitspatiriek at^al* ' , and fittad a wai^tad laaat aquara 
straight lina of tha fora (1-CZ/A '^} to thasa ratio points* 
Thay obtainad 0 « (7*0 ^ 1 . 5 ) x 10 "^ . This shapa oorraotion 
faetor» o&uaad by tha aaaonle saoood olaaa ourrant thaory 
oould not suecassfully axplain tha daviation for nuolai 
irith 2>30. Sran tha reoont and praoiaaly naaaurad axpari-
mantal raluas ahow disagraaaant with tha thaoratioal •aluas 
dua to Bambynak at .a l . '^ i^o hava takan into aeoount tha 
affaet of holas in tha daughtar aton irtiila oaleulating 
tha K/p* ratios. 
Pelleving Bshrans and Buhring^' raaaxk for tha 
nagligibly aaaU oontributien of saoond ozdar induoad 
tanaar affaot for K/p'*' ratioa, 'foa poaaibilitias for this 
dlsarapMiay hara baan axplorad. Slaotron oaptura prooaas 
ia a waak intaraetiaa and has a short ranga* hsnea tha 
rata of alaotaon oaptura i s olassly ralatad to tha daasity 
169 
mt tOi* nuel«tts of •l«otxon« arailftblc for oaplmro. I t i« 
•ogfostod that Hio oleetxon oapttts« pxobftbilitr aay bo 
pzetono l a aodliui and lioaTy naoo nuolol . This AuoXoar 
atruotuxo of foot may bo ono of tho xoaaoaa for tho 
diooropaaoy that oxlato botvoon oxportmont and thooxy. 
Taking tho rooont and praolaoly known oxporlaontal 
raluoa along wlldi i^o nodifiod thoorotioal valuoa duo to 
Bafflbynok ot al• Mtabulatod In Tablo 5.1) tho rat io 
thoo. ''^ '*'^ ® *^ oorroetlon havo boon plottod 
aa a function of Z/A ' ' as ahoim in Fig, (5.1)« 
Vo propoao a aoai-oapirioal roXation for C /^C^ of 
tho foroif 
lAioro 0* /^0^* - ^^/P*^xp/ ^"^/P^Hhoo. 
Horo tho Xaat t o » takoa into aooount tho auoXoar a t m e -
turo offoot and tho raXttoa of tho axbltrarjr ooastaat *a* 
and *b* in ^ 0 aboro rolat loa haTO bom obtalaod ao 
2.403 X XO"^  and (8.37 t 2.42} x X0~^ roapootlToXjr with 
tho hoXp of FZTBM 9m§mm maiag XBMXX30 eoapator faelXity. 
5.4 Oonolaaioat 
tho flttod paraaotor *a* lii aquation (5.XX) ia rozy 
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•BMll «ad h«ne« th« oo&'IzibutlOB of th« 0«ooiiA %•£•« vhioh 
l8 due to eteoBd erdvr ladue«d •ff«et« I0 B«fliiilbl« 
(/^lO^vJ ttad supports fhe fladin^i of Bolumio «iid BnhzliiK^^S 
idio haro shovn that K^-oloetxea oaptiuro to pooltzoa oalooion 
ratios ars InsonfiltiTo to tho ooooiid osdor iaduood offsets . 
Tho Talus of tho eoBstaat * a* la tho proooat oass la Tszy 
small la ooaparlajoo^ with tho oooffloloat of Z/A ' * torn 
of Lodla^ Khaa s t . a l . "^ ', bseauao of tho laoluslon of 
(N->Z)/A auoloar straoturo oorrootloa tozs . !7ho third tora 
la oquatloa (5«11) whloh Is duo to tho auoloar stxaoturo 
offoot glTos substaatlal eoatrtbutloa 0»12/o to tho S/0^ 
ratios* Hsaeo I t shovs that tbts auoloar struoturo offset 
Is ths doalaant offset, idiloh Is rsspoasible for ths 
dlsoropaaej that exists hotvooa ths oxporioontal aad 
thoorotleal TSIUSS of K/p*** ratios. 
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^^^Gddl.Y )l^^Gd REACTION AT A MW MEV NJBUTRDK EN£RGIES 
M. Afzal Anaari, R.K. Yaislnil Singh and M.L. Sehgal ' 
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Allgarh Muslim University, Aligarh, India 
and 
D.K. Ava^thi, V.K. Mittal and I.M. Govll 
Department of Physics, 
Panjab University, Chandigarh, India 
^^^Gd(n,-y)^^^Gd cross aections have 
been measured using activation technique at 
f ive incident neutron energies i . e . ,1.07_£0.20 
MeV, 1.48j:0.18 MeV, 1.89+0.17 MeV, 2.50+0.16 
MeV and 2.85^0.15 MeV. The cross sectio'nB 
were measured relative to the '27i(n,-y)'^^I 
reaction. Enriched "'°&d isotope was used in 
these measurements. The neutrons were obta-
ined using the T(p,n) reaction. The gamma 
spectrum of the radioactive product nuclei 
were analysed using a 50 cm® Ge(Ll) detector. 
^*«>6d(n,-y)'*>''Gd cross sections was measured 
uBing both 0.315 MeV and O.36I MeV y - r a y s 
observed in the decay of l©'Gd nuclei . The 
measured cross sections were compared with the 
theoret ical calculations of Holmes e t . a l . 
which i s based upon the s t a t i s t i c a l theory of 
nuclear reactions. 
Introduction 
The precise knowledge of feust neutron 
capture cross oeotions i s very important in 
the study of nuclear reaction mechanism and 
fusion reactor deBign*>a^. Besides, measure-
ments of fast neutron capture cross sections 
have furnished valuable information about nu-
c lear structure''* . In the present work cap-
ture cross section for I^ OQ^ ^^W measured at 
f i v e neutron energies I . e . , 1.07i0.2O MeV, 
1.48*0.18 MeV, 1.89+0.17 MeV, 2.50*0.16 MeV 
and ?.85j:0.13 MeV. The isotope was taken in 
tha form of Gd^ O^, with 98.1/i enrlohaient. Ths 
measvirements were done by analysing tha oha-
of ^6'Od with the help of a 50 om» 04(Ll} 
detaotor in oonjimotioa with a pra-oallbrated 
4096 channel Nuclear Sata analyser. Necessary 
oorrsotions have been made for the errors ar i -
sing from (1) the f in i t e angular width of the 
Samples, (11) the s e l f absorption and scatter-
ing of neutrons in the experimental Sample, 
( i i i ) s t a t i s t i c a l error in oounting r a t e s , e t c . 
Bxperlmental Procedure 
In tha present work the comparative a c t i -
vation taohnique was used to measure the neut-
roD oaptura cross sect ion. Neutrons of ths 
daslrad aaergies were produced by using the 
H(PtO)^Hs rewstion, Xbs proton beam havlu; 
tha appropriate energies was obtained firom the 
Tarlanla inargy Cyclotron at Fan^ab University, 
Otaandlgarli. Ihe tritium target comprises of a 
16 01 t r l t l u a absorbed In a tltanltm layer on 
a thin ooppar toacklng (0.2$ on) . Iha t r l t l t n 
target was placed in a Faraday type of 
'l>t«M e«p whlAh \nL8 kept cool by xateral 
oonduotlon 1>y passing o d d water through 
the surrounding copper ring of 4 mm inner 
diameter. The beam current was directly mea-
sured by a microammeter. Tte corresponding 
energies of the emitted neutrons at various 
proton energies were taken from reference 5. 
The sgimple was sandwiched between two 
cel lulose tapes within a perspex ring of dia-
meter 1.6 cm. Iodine was taken as the stand-
ard in the form of potassium Iodide for e s t i -
mating the average neutron flux. The experi-
mental sample was placed between two standard 
samples and they were simultaneoualy irradia-
ted by placing them together at a distance of 
2.5 cm from the neutron source at zero derpree 
position, 
A 50 cm' lead shielded Ge(Iii) detector 
was used to pick up tiie characteristic gamma 
l ines of the activated experimental as well as 
the standard samples. 'fc< Gd gives two major 
y-rays v i z . 0.315 MeV (absolute intensity . 
22.9X) and O.361 MeV (absolute intensity . 
60.6;^) while "*®I gives 0.445 MeV (absolute 
intensity = 16%) y-rays . The gaimia spectra 
were analysed with the help of a pre-calibra^ 
ted 4096 channel Nuclear Data analyser. The 
recording of the spectra were done for suita^ 
ble time periods so as to get good counting 
s t a t i s t i c s . The detotion eff iciency of the 
Ge(Li) detector for Y-rays at various energies 
were determined experimentally by using stand-
ard sources. The photopeak efficiency at any 
energy within the range was obtained by inter-
polation. The formula used in the present 
measurement i s 
raoter l s t lo gamma rays emitted from the decay ef— AXeyp(,Xfea) 
where A i s the total counts under the photo-
peak of the characteristic gamma ray, X l s 
the decay constant of the product nucleus, N 
i s the number of nuclei of the Isotope 
under Investigation, 4^  la the average neutron 
f lux, e Is the effect ive photopeak detection 
eff iciency of the detector, e le the absolute 
Intensity for the characteristic gamma ray, 
K Is the s«l f absorption correction factor for 
the gamma ray in the sample, t< i s the Irra-
diation time, t s Is the elapsed time between 
stopping of irradiation and starting of oount-
Ing'and t^ is the counting time. 
The average neutron flux can be estimated 
from equation (1) using the capture cross seoz 
t lon Values for i*'''! at the rei<jvant energies^ 
The total area under the 0.443 HeV photopeak 
was counted and values of X and 6 were taken 
from literature^. The neutron flux at t h e -
plaoe of Irradiation was found to be <->< 10' 
neutrons/om! s . The capture cross sections 
for ^^Qd at a particular energy vas than ca l -
Ottlated by counting the to ta l at«a uadar ths 
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The ac t iva t ion cross seotiona for the reac t ion ^^^Od(n,y)''^^dd. 
S.No. 
1 , 
2 . 
5, 
4. 
5 . 
Neutron Energy (MeT) 
1.07 + 0.20 
1.48 ± 0.18 
1.89 i 0.17 
2.30 + 0.16 
2.85 ± 0.15 
(mb) 
25.43 ± 5.03 
19.66 i 1.76 
18.73 i 1.92 
13.99 i 1.59 
11.43 + 1.44 
T ^ in.,y) cross eeot ion fQr/">"(;'^^ 
t h e o ^ ^ " / • (mb) 
• lRp£ . 9.1. 
23.40 
24.40 
22.20 
17.40 
10.60 
^•x/<^ theo 
1.067 ± 0.129 
0.806 X O.Cf73 
0.844 + 0.086 
0.804 i 0.091 
1.0/8 i 0,136 
photopeak of the re levant y-spectruffl. The 
cross Beotione were ca lcu la ted ueing both the 
0.315 MaV and O.361 MeV photopeaks a t each e»-
ergy. For be t t e r accuracy of the r e s u l t s the 
meaaurementa were done for two i r r a d i a t i o n s 
a t each incident neutron energy. The maasare-
d average oroas sect ions are shown in Table 1. 
Errors and unoer ta in t i es in the me^-urements 
The measurements reported in the present 
work were subject to a number of u n c e r t a i n t i -
es and correc t ions which we have applied acc-
ordingly . These are 
1 . e f fec t of proton energy degradation on 
neutron energy spread, 
2 . e f fec t of f i n i t e dimensions of neutron 
source and samples on neutron energy 
spread, 
3 . e f fec t of s e l f absorption and s c a t t e r -
ing of neutrons in the samples, 
4 . e f fec t of presence of low energy neu-
trons a r i s i ng from room s c a t t e r i n g , e t c . , 
5 . s t a t i s t i c a l e r ro r in the counting r a t e . 
Necessary cor rec t ions have been applied 
to the capture cross sec t ions and the same a » 
a l so included in Table 1. 
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B^Bults and disouasion 
The measured capture c ross sect ion for 
160^4 a t flva inc ident neutron energies are 
glvan in Table 1 . These values are 0(»Bpar«4 
with the t h e o r e t i c a l r e s u l t s of Holmes e t . a l ° . 
c a l cu l a t ed on the bas is of the s t a t i s t i c a l th»-
ory of nuclear r eac t i ons . I t i s found tha t 
agreement between experimental and t beo re t l oa l 
results i s qui te good in the above energy r e -
gion and therefore the a t a t i a t l o a l theory of 
nuolear reactlona i s quite good for the p r e -
d lo t ion of (0 ,7" ) cross sec t ions a t l e a s t upto 
7 HeT nautroa energy. 
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C'ross-seclion for '""BiCi, K) '""Ti leacticm al iiiculent neulron encigies MO » l5()kcV 
and 575 t235kBV have been measured U\ be ! 2b±<) IHjib ami I 55-1 (O^jii,, lc^ fx•^ •-
tively. The acuvation technique was used lor nieasuniig the cio.ss-scctioii'. These N.IIIIIS 
have been compared with fheorelical vahicK based on Hauser i'eshbaiji Sialtshcal Mo-
del 
A'MItear Ni'rtcrw»t 
lural lafijel 
"'•'Hr(n,v), /•,„-340j IMtkcV and 5^5 t^l'^kcV i^il.J. Na-
9. Introduction 
The measurement of the iit,oi} reaction on heavy nu-
clei IS a difficult expermienlal task because of the ex-
tremely small crossi-soctions for this reaction and the 
large y-ray background in other competing reac-
tions. Except for low mass nuclei, practically, no ex-
perimental data on (»!,«) reactions in keV region, ex-
ists to prove or disprove the validity of statistical 
theory of nuclear reactions in predicting (n,a) cross-
sections. For this reason, the need arises for measur-
ing the cross-sections for (n, a) reaction. 
The present work provides the value of cross-section 
of ""Bi (n,'')^'"'TI reaction at two incident neutron 
energies for the first time. The '""Bi target is a prom-
ising target for low energy neutron initiated {H,a) 
reaction as the g-value of (n, a) reaction for this is 
quite high (9,633 MeV). 
1 Experimental MetiHNi 
Speclrographically pure B i , 0 , powder was SHnd-
witched between two thin piccen of cellot«pe. The area 
* Thia worit fornii part of tin ili.D. ihetu (1979) •ubtnlited by 
H.M. Airawcl, Phya. Dcpt, A.M.I;.. Aligtrh 
•* PrtMni uldreu: Vin de Onsff Uboralory. I.I.T. Kinpui -
201016, ladit 
of sample was a circle of 1.6cm in diameter Since 
most of the cross-sections for (n,3<) reaction arc rath-
er low, the thickness of the sample (0.2445 gnvcin-') 
was a compromise to have belter counting statistics 
but without much self absorption of /J-particles in 
the sample. The requisite neutrons were obtained 
from the 'H(/i,»i)^He reaction using incident proton 
beam from Van de Oraaff generator at I.I.T. Kan-
pur. The tritium target, procured from BARC (In-
dia), consisted of 16 Ci of tritium absorbed in ti-
tanium layer on thin backing of copper (~0.25 mm). 
The circulation of high pressure chilled water 
around the tritium target to remove the local heat-
ing permitted beam current intensities as large as 
50pA for the duration of 15-20min without ex-
periencing any serious deterioration of tritium tar-
get. 
An end window ^-counter, whose window thickness 
wa» 1.75mg/cin', was used for delecting the /(-par-
ticles. The counter was shielded by a lead house to 
reduce the general background. The sample was ir-
radiated in zero degree forward direction relative to 
the proton beam. The position of sample with re-
spect to neutron source had to be very close to get 
substantial counts due to activity produced from 
(n,(t) reaction. However, it resulted in a large energy 
spread /<£, of the neutrons. 
O34O.2l93/81/O3OO/O313/$OI.0O 
})4 H M A|iraw*l et »f Aclimion CroM-Seclloni for '"Bifii. <) '°*T1 KcaclkM 
3. RcMln aad UixaiMiaa 
} ijfurc I ?hows the decay curve of the products due 
to ihc (M.a) and (n,y) reactions at K ,» 340 ± 150 keV 
Uy 5ubstracting the background of 5</ (n,-/) activity 
due 10 " "U i from the composite curve, we obtained 
a half life of 4 y min, which correspond* lo the ac-
tiMiv (if '""Tl. As ^"''Bi IS monoisotopic. the aditiix-
Uire (if other /(-activities is not possible 
(he following expression wai used for finding the 
cross section 
T*M« I. Comparison of «.„(>i.«) •nd "ikniKx) for 
""•lll(>i,i|""Tlre«tlion 
Uii)(i I {\-e •) "„ 
where symbols have their usual meanings as in [1] 
III t.iltul.iting the dctcclii<n efficiency f, corrections 
for the riniic thickness of the target as well as the 
wiDclovk thickness of the /(-counter were also taken 
into .kcoiiiil \ei i i roi i fliix on both .sides of ilie sam-
ple w.is c.ilciil.iieil by using two standard samples of 
poi.issiurii iodide one on each side of the specimen 
s.iniple I he .ixcr.ijie of these Iwo values of neutron 
flux (]()" iK'iitions cm'-s) was used for the measure-
ment of the cross sections While calculating the 
flus tlie cfoss sections lor '^^1 ( i i , ) ) " " ! reaction at 
14IUe\' .111(1 ''I'lWM were Hiken lo be 017b and 
O i : h . ies|->c i^ivel> Irom BNL report (1976) [2] Ta-
ble I j!i\cs the experimental vjliies of cross-section 
for '""Hit". r l -" ' ' l l leaclion alongwith the theoreti-
c.i/ willies based on flauser I eshback statistical mo-
del of inicle.ir reactu>iis | ^ | I he experimental values 
are -^  10'' times lar(>er than the theoretical values 
The present x.iliies are also high when compared 
with the xaliie (t;!) 'nb) reported by l.msallem ct al 
f4) lot ^""UI IH , x) reaction at thermal energy Where 
"(n .,,1 corresponds lo the cross-section when the a-
4-+ -*-•-
Bochground * i» to 
" B , I I , . 501 
Ht! I ll.ai hfc lur^c or ""•11 produced in ""Bi(n,ci) at neutron 
cncrji> U O * IVlktV 
Fncrgy of neutron (ft.) 
tVcV) 
. . ("• ' I 
(MW lHt>»'<10-' 
140 t l W 
S7^±2t5 I S 5 ± 0 2 1 H ±70 
particle feeds the ground .state of ihc product nu-
cleus The present work proved rewarding to sup-
port one of ihe two repoited values of cross-section 
of "*Bi(»i,«)^"''Tl reaction at thermal energy Alam 
and Schgal [5J looked for this reaction induced by 
thermal energy neutrons using /l-counimg technique 
and obtained (T,= l45nb (as quoted iii Ref 4). Em-
sallem et al used a gold silicon surface barrier detec-
tor to detect a-particles directly from the above re-
action at the same energy and obtained r;,^  $0 .3 f ib 
The difference between these two values is quite big. 
Our work supports the latter one 
It has been pointed out [6J thai cxpeninenlal values 
{a,,^) of (»i,a) reaction are much larger than the pre-
dictions of statistical model of nuclear reactions for 
nuclei of mass ^ 130 and the pre-exisicnce of a-par-
ticle within the nucleus was suggested and its emis-
sion was treated just like that of a nucleon The 
present di.sagreement between o,^Ji,n,i) and 
rT,^„„(rt,a) may be due to the presence of contri-
butions to the cross-section by reaction processes 
other than compound nucleus process eg preformed 
emussion. The veracity of this conclusion calls for in-
creasing amount of experimental data in keV re-
gion 
Authors arc th-inkfui lo Prof O K Mehu of I I T , Kunpur (In-
dia) for hii kind'hospiialiiy We are also thankful lo Prof M Z R 
Khan for his kind intcretn m the prencm woik 
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A special type of proportional counter has been constructed in which the source can be placed 
internally with provision for its covering and uncovering by an absorber, without disturbing the 
pressure inside the counter. Using this counter, the variation of the escape probability /"K of 
argon KX-rays with pressure was estimated. The intensity ratio A(KX-rays)//(14.4keV y-rays) 
for a Co^'' source at five different pressures was also determined and compared with the theoreti-
ca! value. The Constancy of Shis ratio a! these pressures supports the reViabihty of experiment. 
§1. Introduction 
Although proportional counters have been 
supplanted by semi-conductor detectors for 
photon spectroscopy in the energy region above 
a few kilo-electron volts, they retain their im-
portance as an instrument for absolute photon 
intensity measurements'^^* in the energy re-
gion below a few tens of keV. Moreover, they 
are used in studies of conversion and auger 
electrons'•^•*~'* associated with gamma and 
X-rays, provided the pressure of the gas in-
side the counter is adequate to stop the rays 
totally in the sensitive volume. With such 
problems in mind, a special type of propor-
tional counter has been constructed'"* which 
can be filled at any desired pressure in a short 
time and in which the source can be placed 
internally with provision for its covering by an 
absorber at any desired time without disturb-
ing the pressure inside the counter. Using this 
counter, we performed an experiment to esti-
mate the variation of the escape probability/j. 
of argon KX-rays with the pressure. We have 
also determined the intensity ratio /(KX-rays)/ 
7(14.4 keV y-rays) for a Co^^ source at differ-
ent pressures. The experimental ratios are in 
fair agreement with the theoretical value. The 
constancy of this ratio at these pressures 
supports the reliability of the experiment. 
§2. Experimental Details 
2.1 Design and construction of proportional 
counter 
The proportional counter [Fig. 1] consists of 
a cylindrical copper cathode 0.1 cm thick, 
16 cm long and 7 cm in diameter, enclosed by a 
glass envelope 0.2 cm thick, 22 cm long and 
7.5 cm in diameter. One end of the glass en-
velope was closed, while the other end was 
open, and a perspex annular ring was glued 
onto the open end with araldite. The central 
wire was made of tungsten of diameter 0.001 cm. 
Its ends wehe fused with thick tungsten leads 
with glass sleeving to check spurious counts. A 
perspex end plate was attached to the open end 
of the counter, supported by an O-ring. This 
plate also serves for cleaning and mounting the 
source inside the counter. Provision was made 
in the end plate for sliding a mica absorber of 
thickness 10.75 rngjcm^ over the opening of the 
source to stop auger and conversion electrons 
in the counter. A thin window was also made on 
this plate for calibration purposes. The end 
plate assembly was fixed vacuum tight to the 
counter with screws and an O-ring. The counter 
was coupled with a locally-designed fast gas 
filling assembly, shown in Fig. 2, which enables 
the counter to be filled at any desired pressure 
below atmospheric. 
2.2 Source preparation and mounting 
A radioactive Co*^ source, which decays by 
electron capture and exhibits internal conver-
sion of gamma rays, was obtained from Bhabha 
Atomic Research Centre, Bombay (India), in 
the form of a carrier-free C0CI3 solution. A few 
drops of source were deposited uniformly in the 
centre of a thin mylar (0.5 mg/cm^) circular 
film of diameter 0.5 cm by means of a nozzle 
1523 
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SCALE 
Fig. ]. (I) Schematic layout of proportional counter, (II) Cut-away view of end plate portion, 
(III) Side view of end plate portion (illustrative). A: Annular ring; B: Vacuumtight movable 
knob; C: cylindrical copper cathode; D: fnd plate; F: Source carrying perspex cup; G: 
Glass envelope; K: High-vacuum glass stopcock; L, L': Glass sleeves; M: Mica absorber; 
O, O': O-nngs; P: Cup holding perspex rod; R: Source (Co"); S,,82,83,84: Threaded 
screws; T: Tungsten wire (anode); W: Cellophane window; 
-3—' \ OOK 
Proportional counter 
methane 
Manometer Rotary oil vacuum 
pump 
Fig. 2. Proportional counter filling system (Not to scale) 
dropper and were subsequently allowed to 
evaporate at a constant temperature under a 
table lamp. This mylar film was then placed at 
0.2 cm thick with a tapered bore (0.1-0.2) cm 
in diameter in its centre was mounted over the 
cup with araldite in order to achieve the proper 
the centre of a perspex cup of inner diameter geometry. The cup was then fixed perpendicu 
0.6 cm and depth 0.1 cm. Another perspex disc larly on the end plate of the counter with the 
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help of a perspex rod of appropriate length. The 
length of the rod was chosen so that radiation 
from the source fell in the sensitive region of 
the counter without being scattered from the 
counter surfaces. 
2.3 Experimental procedure 
The block diagram of the spectrometer is 
shown in Fig. 3. The voltage pulses from the 
proportional counter were fed to a 512-channel 
ND-! 100 multichannel analyser, via a cathode 
follower,"** a linear amplifier and a discrimina-
tor. The spectra were recorded with the help of 
a teleprinter. To perform the experiment with 
Co'^, the counter was filled with 90%argonand 
fO% methane at di'fTerent pressures of fOcm ffg, 
15 cm Hg, 20 cm Hg, 25 cm Hg and 30 cm Hg. 
The spectrum was recorded separately at each 
pressure and each spectrum was calibrated with 
the help of an Se^* source, which emits arsenic 
KX-rays of energy 10.5 keV. Se^' was placed 
near the window of the counter in the presence 
of the Co'^ source, which had been placed 
beforehand inside the counter. Before record-
ing the spectrum, the Co^ •' source was covered 
with mica absorber with the help of a perspex 
sliding knob, fitted outside the counter. At each 
pressure two consecutive Spectra 'A' and 'B' 
were recorded. Spectrum 'A' was recorded in 
the ADD mode of the multichannel analyser, 
keeping the Se''' calibration source near 
the window of the counter. Spectrum 'B' was 
recorded in the SUBTRACT mode of the 
multichannel analyser, after removing the 
calibration source from the window for the 
same duration of time, keeping all other ex-
perimental conditions identical. Now sub-
tracting 'B' from 'A' we get the pure Co'^ 
spectrum in the low-energy region. This process 
was repeated at each counter pressure and the 
spectra obtained are shown in Figs. 4-8. 
t™"" " i ^ 
AKNfl Nl/MBEr' 
tig. 4. l.ow-energy spectrum of Co'^ below 
14.4 keV. Spectrum A: low-energy spectrum of 
Co^^ (with absorber) recorded in ADD mode of 
MCA, in presence of calibration source Se^' placed 
at window W of counter. Spectrum B: KX-cay 
peak of As" obtained in SUBTRACT mode of 
MCA, in the absence of Se^'. Spectrum A minus 
spectrum B is the pure Co'^ spectrum showing the 
argon KX-ray escape peak, iron KX-rays and 
14.4 keV gamma rays of Co-^'. F: Energy calibration 
line. Pressure inside counter is 10 cm Hg. 
r^ 
•«« ' '.itS'ST,?"' * \ 
Fig. 5. As in Fig. 3, except that pressure inside 
counter is 15 cm Hg. 
Fig. 3. Block circuit diagram of spectrometer. 
Fig. 6. As in Fig. 3, except that pressure inside 
counter is 20 cm Hg. 
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so 60 70 
CHANNEL NUMBER -
90 100 110 120 
Fig. 7. As in Fig. 3, except that pressure inside 
counter is 25 cm Hg. 
30 to 50 60 70 
CHANN£L WUMeE» 
90 100 110 120 130 
Fig. 8. As in Fig. 3, except that pressure inside 
counter is 30 cm Hg. 
§3. Analysis of the Spectra 
In the relevant part of the decay scheme''* of 
C o " , the 136.4 keV level in F e " is fed 99.8% 
by the electron capture decay of Co^^. The 
dominant mode of de-excitation of this level is 
(mainly 98.8%) by two gamma transitions of 
122 keV and 14.4 keV in cascade. Since our 
interest is confined only to the low-energy part 
of the spectrum, radiations higher than 14.4 keV 
gamma rays were discriminated. 
In each subtracted spectrum at different 
pressures [Figs. 4-8], we obtain three peaks 
corresponding to the 3.2 keV escape of argon 
KX-rays, 6.4 keV KX-rays of iron and 14.4 keV 
unconverted gamma rays. Conversion electrons 
of 14.4 keV gamma rays and auger electrons 
were not detected in the present spectrum, as 
these were totally stopped by the sliding mica 
absorber covering the source. The efficiencies 
of the detection of 6.4 keV KX-rays and 
14.4 keV gamma rays were determined from 
the photoelectric absorption coefficient data'*' 
for the counter gas. 
The experimental ratio of the intensities of 
KX-rays to 14.4 keV gamma rays has been 
determined as: 
/(KX-rays) (/(KX + ^ES) - - ^^ 
/(14.4 keV y-rays) ArrE, 
K.X is the area under the KX-rays where A 
peak. A^i, is the area under the argon escape 
peak, ^o is the area under the 14.4 keV un-
converted gamma rays peak, and E(^ and ^ .^x 
are the detection efficiencies for 14.4 keV 
gamma rays and 6.4 keV KX-rays respectively. 
The same ratio has also been calculated theore-
tically using the decay scheme of Co^^ and 
other known parameters."•'^•'*' Vacancies in 
the K-shell of iron which are responsible for 
the emission of KX-rays are produced by the 
following four processes: 
(i) K-electron capture of Co'^, 
(ii) K-internal conversion of 14.4 keV gamma 
rays, 
(iii) K-internal conversion of 136.4 keV 
gamma rays, 
(iv) K-internal conversion of 122 keV gamma 
rays. 
The escape probability of argon KX-rays at 
different pressures was determined by taking 
the areas under the KX-ray peak and the escape 
peak. The probability with which KX-radiation 
escapes from the counter following photo-
electric absorption is given by:''^* 
where p^. is the probability with which an in-
cident quantum ejects a K-electron of argon 
and is obtained from the photoelectric absorp-
tion coefficient in the region of the K-absorp-
tion edge, cw^ . is the flurorescence yield of the 
K-shell of argon and e^ is the probability, 
averaged over the whole counter, with which 
a quantum of K-radiation escapes from the 
counter. 
§4. Results and Discussion 
The escape probability/^ foi" argon KX-rays 
is plotted as a function of pressure in Fig. 9. 
It is seen that apart from the fluorescence yield 
of the individual gas,/^^ depends mainly on the 
Escape Probability from Proportional Counters 1527 
Table I. A comparision of experimental and theoretical values of /(KX-rays)//(14.4 keV y-
rays). 
10 cm 
5.35 L0.80 
Experimental values 
(at different pressures of mercury) 
15 cm 
5.19 L0.77 
20 cm 
5.23 + 0.63 
25 cm 
4.884 0.54 
30 cm 
5.14 tO.51 
Theoretical 
value 
5.15 
i _ J _ 
20 IS JO n 
PRESSURE 'N THE COUNTER • 
Fig. 9. hscape probability of argon KX-rays A 
following photoelectric absorption versus pressure 
of argon inside the counter. 
pressure of the counter gas. Table I shows a 
comparison of our experimental [/(KX-rays)/ 
/14.4keV y-rays)] ratios at five different pres-
sures with the theoretical one. At each pressure 
the experimental value is in agreement with the 
theoretical value within experimental error, 
indicating the smooth functioning of the 
counter and the reliability of the experiment. 
This technique, with certain improvements, 
can be used to investigate nuclear properties 
such as internal conversion of gamma rays, 
backscattering of conversion electrons and 
gamma rays from the source backing materials, 
using uncovered carrier-free radioactive 
sources. The wall effect can be minimized by 
placing this counter in a strong magnetic field 
parallel to the counter axis, and hence higher-
energy radiations can also be studied. 
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Nuclear-Structure Effect on K-Electron Capture 
to Positron Emission Ratios for Allowed Transitions. 
M. AFZAI, ANSARI and M. L. S E H U A L 
Department of Pliynien, AlUjarh Muslim Viiirernity • Aligarh-2il2 OOl, India 
(r iccvuto il 29 Agosto 1980) 
Roocnt review papers by F I T Z P A T R I C K et at. (') and B A M B Y N E K et at. (-) have shown 
t h a t t he disagreement between exper imenta l and theoret ical K-electron cap tu re t o 
posi t ron emission ratios increases with Z (^). Theoret ical values exceed exper imenta l 
values by (10 : 15)% in medium- a n d high-Z regions, p'.florts have been made to explore 
t he rt^asons for th is discrepancy (*""). In several papers [*-^-^) th is discrepancy was 
explained by in t roducing second-order induced eilects into the theoret ical description 
of t he weak interact ion which violate ^r-parity and are chara(;terized by the coupling 
cons t an t f.p. The existence of th is mesonic second-class current has been accepted , 
a l though it has negligible contr ibut ion towards K-electron cap tu re to posi t ron emission 
rat ios for allowed t ransi t ions , as pointed ou t by BEiiKEiyS and Bi'HRiN(i ('"). 
Recent ly the eflect of electron-electron correlat ions on the K-electron cap tu re 
probabi l i ty has been calculated by (^HEN a n d CRASEMANN (') by means of a multiconfi-
gura t iou l la r tee-Fock approach for 'Be . They have shown that the K-electron cap tu re 
probabi l i ty decreases by about 2 % for ' B e ; for medium and heavy nuclei th is decrease 
will be still small(>r. Thus it is not possible to explain the discrepancy on th is basis . 
It has been shown by BAMBYNEK et al. (-) t h a t , if interference t e rms between the 
N' — T and V — A in teract ions are taken into account , one has to include t he high-
order t e rms into the nuclear mat r ix e lements for K/^^ rat ios. The corresponding cor-
relat ion contains form-factor coefficients which depend upon nuclear s t ruc tu re and 
reduces t he theoretical K/P+ rat ios by a bou t 3 % for Z 80. Thus we find t h a t the 
discrepancy cannot he explained even by t ak ing into account the above correct ion. 
(I) M. L. K r r a e v T i t i c K , K . W . K. i>i.i>i.N(imM. , I . Y . ( i o i UL.VY a n d J . ( i . L Y N C H : J. Fliy«. . 1 , 6 , 
7 1 3 ( 1 9 7 : 0 . 
( ' ) W . liVMIlVM-.k. H . UKHUr.NS, M . H . ClllCW, B . ( 'R.\Si: .M\NN, M. L . KITZI'XTHIIK. K . W . 1). [iK-
DINliHVM, H . (iKNZ, M. MlTTl ' . l lKll a n d H. L . I N T F . M X N N : Itir. Mori. Flliix.. 4 9 , 77 ( 1 9 7 7 ) . 
V \ T \ i ; Phi/n. LI II. U. 3 4 . :)<).-> ( 1 9 7 1 ) . 
V.WKS. H. ( l i i i K i u N A m i d I) . T K I I I C ' : I'hun. liie. <:, 8 , 2.'i I (197 ; t ) . 
. Ill HHiNd a n d L. S c i i r L k r , : .\iicl. I'hiiH.. 6 5 . 3()!) ( I9f i , ) ) . 
Ivi n<)iii;i<\, J . D K L O H M K i m d M . H i i o : S ui-l. Phi/s. li, 6 6 , a.'i3 (UI7 ; i ) . 
11. riiK.N' a n d l i . C i n s K M V N N ; Pliiis. UIIK Lett.. 4 0 , 1123 (197H). 
11. VVii-h-iN.-ioN a n d H. E . F . M U ' F . K I K . L D : S iirl. Phi/s. . 1 , 1 5 8 , 110 (197(1). 
V v T A i : .\url. Phi/.t. I, 1 5 6 . .'.41 (197(1). 
IKOHRKN.s a n d \V. B r i i K i x u : \ucl. Fhyn. .1, 2 3 2 , 23U ( 1 9 7 1 ) . 
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I 'sing the iricsoMir sccond-clasis puin-nt theory, KMAN and Gii iKi i is \ ('') have carr ied 
out a calculation for the K/ | i ' rat io and found tha t the shape correction factor for the 
ra t io (K/p^)exp/(K,'[i*^)ti,j„ without correction is given b,\ 
( I ) r0^ •ill' (with (I 0) 
where x, Z and R have the i r usual meaningK and [S ih an a rb i t ra ry cons tan t . Firzi'ATHitK 
et al. (') calculated t he theoretical K/'(3* rat ios, using the tables given by BKIIKANS and 
JANKCKK (") . together with the t ransi t ion energies taken from Waps t ra and (iove C-^). 
Tak ing the exper imenta l values listed by P I T Z P V T K U K et al. ( '), Li':i)iN(;iiAM et al. ('^) 
plotted (K/;i').j„/{K/fi*) as a function of Z/A'- and fitted a weighted least-squares 
s t ra ight line of the form 1 CZjA' to these da ta points . They ob ta ined 
(/ (7.0 • 1.5)-!()•'. Th is shape correction factor caused by rnesonic second-class 
current theory could not successfully explain the deviat ioe for nu<'lei wi th Z • 30. 
Even recently measured exper imenta l values show disagreement wi th the theoret ical 
values due to B ^ M B Y N K K et al. (-), who have taken into account the effect of hole in 
the daughte r a tom, whih' calculat ing the K,|b' rat ios. 
Following B K I I R E N S a n d B I H R I M C ('") remark for negligibly small cont r ibu t ion 
of second-order induced tensor effect for K/fi' ratios, the possibilities for this discrepancy 
have been explored and it is suggested t h a t the electron cap tu re probabi l i ty m a y be 
inhibi ted (' ') because of t he large neutron excess over protons in medium- and heavy-
- 10 
V\K. 1. Tilt' (totted line oori'ewpondK to the eauat lon 1 CZjA'', wtierc 0 7.0" 
solid line represents the equat ion I 
The vnUi'-s of t.hese coustjtnts Imve 
a(.ZI.i^) -6((.V Z)/.-l), where u 2.103-10-
l)een obtained with the help of the F I T E M prograni . 
10-» (ref. (")). The 
and l> 8.;t7- H)- ' . 
(" ) 11. n i j i m . s s and J . . IVMCCKE: (i joup 1, Vol. 4 (Berlin, liioy). 
(" ) \ . II . W.vesTKV and M. B. (Jovi. : \url. Data Table, 9, 267 (1(171). 
('••) Iv. W . I>. L K . D I N O I U M , J . Y. Ju iuLKV, M. ('\Mri3i.;i,i„ M. \i. t'lTXP.iTuirii. and \ . 1>. HMi.i.iv,; 
l'liii.'>. IAII. H. 50, 217 (1974). 
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iiiash nuclei. This i iuclt 'ar-structurc cifect uia.y be one oi the rciiMjiih tor the (iiscrcpii.iicy 
that cxis^ts bclwccii cxpcrirnctit and t^hcory. 
The rat io ( K'fi')„^„/(K/fi*)t^„, without <-()rrc('tion for all the prociKcl.v incaKurcd cxpcri-
nicntal values has been plotted as a function of / ' J ' in tig. 1. 
In Older to explain the diserepaney tha t exists between theory and exper iment , 
a^ far as ("^ C'P is coneenic-d, we propose a senii-enipirieal relation for ('^<'^* of the 
form. 
(,K 
-(<&' 1 
/ 
« 
,1' 
V Z 
1) 1 
where (.'"/CP^ ( K/^•)„„/( K'[i* )th«-
This relation is a modification of eq. (1). The second term in this relation is similar 
to the second term in eq. (1), as both depend upon / / J '. The thi rd term in eq. (2) is an 
addi t ional t e rm and takes info account the iiueh^ar-strueture ett'ect. The possibility 
of this cflEcet has been susRested by LKADIN(;HA.M I't al. ('^). It depends upon the neutron 
excess in h igh-Z nuclei which inhibits the electron cap tu re process in such nuclei. The 
values of the a rb i t r a ry cons tan ts « a •> and « b » in the above relation have been obtained 
as 2.4()3- 1() " a n d (8.37 2.-t2)- 10 ', respectively, with the help of the FITKM program, 
which is based on tihe /''-fit cri terion. The fitted pa ramete r <  a > is very small and hence 
the con t r ibu t ion of the second term, wliich is due to second-order induced efleets is 
negli'^ible ( ^ 10 ^%) and suppor ts the finding of Behrens and Buhr ing (i"), who have, 
shown that K-elei 'tron capture to positron endssion rat ios are insensitive to the second-
order induced effects. 'I'he value of (he constant <> « > in (he presen( case is very 
sinall in comparison with the eoetficient of the Z A ' t e r m of ref. ('•'), because of the in-
clusion of t he (.V Z}/A nwlea r - s t ruc tu re correction term. The third t e rm, which is 
due to the nuclear -s t ruc ture effect, gives substant ia l con t r ibu t ion (0 : 12)% to the K/(i* 
rat ios. 1 fence it shows t h a t the nuclear-s t ructure effect is the dominant effect, whicli 
is responsible for the discrepancy that exists between the exper imenta l and theoret ical 
values of K/P ' rat ios. 
Tlie autfiors are thankful to I'rof. M. Z. RAHMAN IXIIAS for his kind interest in the 
present work. 
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Neutron Capture Cross-Sections in the keV Energy Region (*) 
H. M. AGRAWAL (**), M. AFZAL A N S A R I , M . VVASIM and M. L. HEHGAL 
Department of Physics, Aligaih Mudim Univemity - AHgarh-2Q200l, India 
(ricevuto il 7 Maggio 1980; manoscritto revisionato ricevuto il 30 Ottobre 1980) 
Summary. Radiative neutron capture oross-sectionh for the isotopes 
6'V, «MX "'Ga, ""^e, '<"Ag, ""Pd, '^^Sm and '""Pt have been measured at 
one or two neutron energies in the keV region by means of the activa-
tion method. The cross-sections for the three isotopes ^oSe, ""Pd and "*Pt 
are reported for the first time and in the rest of the cases a comparison 
is made with previously report(4d values. The experimental values of 
the cross-sections arc compared with the theoretical values obtained 
from .Vlargolis' formula based upon the statistical theory to extract 
information about the parameter | ( </)>/2:7:<i\>). 
1. - Introduction. 
The study of neutron ctiplure cross-sections is useful for understanding nu-
clear-reaction theories (••«), stellar nucleosynthesis theories ('») and nuclear-
(*) To speed up publication, tho authors of this paper have agreed to not receive the 
proofs for correction. 
(**) Present address: Van de (Jraaff Laboratory, I.I.T., Kanpur, India. 
(1) J. A. .MiSKEL, K. V. MAKSII, M. L. LIIVDEE and R. J. .N[A(!KL: PJiys. Rev., 128, 
2717 (1962). 
C-) A. K. CnwBiiY and M. L. SEHOAL: JV«W. Fhys., 66, 267 (1965). 
(3) A. K. CiiAUBUY and iM. L. SKHOAL: Fhys. Eev., 152, 1055 (1966). 
(4) S. S. HASAN, A. K. CH-IUBKY and M. L. SEHGAL: Nuoro Cimento B, 58, 402 (1968). 
(') N. 1). Di'DBY, R. R. H E M K U H and A. A. MADSON: J. Xvel. Eneigy, 23,443(1969). 
(«) J. ALAM: Ph. D. Thesis, Aligarh Muslim University, Aligaih (1973). 
(') K. M. BiJUBiiKiE, (!. R. HuiuuiJcJK, W. A. FOWLEK and P. HOYLK: liec. Mod. Phys., 
29, 547 (1957). 
(8) R. L. MACKUN and J. H. GIBBO^s: Phys. Kev., 159, 1007 (1967). 
(9) B. J. ALEEN, J. 11. GIBBONS and R. L. MACKEIN: Adv. Nwl. Fliys., 4, 205 (1971). 
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reactor designs ("). The inspection of BNL reports C'-'^) shows that neutron 
capture cross-section data in the keV energy region are still inadequate and for 
some cases the values are also inaccurate. Therefore, there is still a demand 
to measure (n, y) cross-sections in the keV energy region. The present work 
was undertaken to measure the (n, y) cross-sections in the few hundreds of keV 
energy region to examine the applicability of Margolin'formalism (^^) in predict-
ing (n, y) cross-sections in this energy region and to see whether the com-
parison between (T i^p(ii, y) und (T^^^^^{n, y) can give some more infoimation about 
the energy dependence of the resonance parameter f ( ^ <^J)yi2n(^r^y), where 
(D) is the average level spacing and {l\'' the average radiation width. 
2. - Experimental procedure. 
2'1. Irradiation technique. - The requisite neutrons in the few hundreds of 
keV energy region were obtained from the Mt(p, n)3He reactionby nieansof an in-
cident proton beam of energy ~^  1.45 MeV from a Van de Oraaff generator at 
I.I.T., Kanpur (India). The tritium target consisted of 8 V\ of tritium absorbed 
in a titanium layer on a thin backing of copper (0.25 nmi). The target was pro-
cured from BAIIC (India). There are three factors that have been considered in 
order to determine the uncertainty associated with the given neutron energy. 
One of this is the finite spread in the proton beam energy (tl^) before it strikes 
the tritium target. In the present case this spread is ;%* 4 keV. The second main 
factor for the uncertaintyan the neutron energy is due to the degradation of the 
incident-beam energy in the tritium target, which is «» 120 keV f or A'^  ;=& 1.4MeV. 
This proton energy spread resulted in a neutron energy spread of ?%^  130 keV. 
The third factor for the energy spread of the neutron is due to the angle sub-
tended by the sami)les studied at the point neutron source. In the present 
case samples were placed at a distance of (6 ; 7) cm from the tritium target 
at 0° to the ])ro1on beam directioJi. The spread of neutron energy due to 
this is f%i 5 keV for all samples. The total neutron energy spread SE^ due to all 
these factors is !=» 150keV. The neutron Hux at the place of irradiation was 
of the order of <%; 10' neutrons/cm^-s. 
2'2. Measurements. - The elements studied in the present work were ob-
tained from Johnson .Mathey and Vo. Ltd., London, and had a purity better 
than 99.99%. The samples studied were either metallic (Se, Ag, Pd, Pt) or 
in the form of oxides (V^O^, CuO, (U.-Oj, Sm^O,,). The samples were made by 
('») V. B E X Z I and M. V. B O K T O L V M : Niwro Cimeiito, 38 , 216 (1965). 
(") T). r. aAHiiUR and K. R. K I N S K V : H N L - 3 2 . 5 (1976). 
('•>) S. F . Mr(;irvB((iiAB and 1). 1. OAUBP.K: B \ L - 3 2 . 5 , 3rd edi t ion (1973). 
('3) B. ^rAB(i()LIa: Phys. Heu., 88 , 327 (1952). 
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unifoniily spivadinj? the powdered substances within a perspex rinj^ of spec-
ified radiuh which was sandwiched between two thin cellulose tapes. The 
J'd and Ag circular foils were packed by thin cellotape and then irradiated. 
An end-window [i counter, whose window thickmss was 1.75 mgjcm^, 
was used for detecting the (3-particles. The counter was shielded by a 12 cm 
thick lead house to reduce the general backgi'ound. 
The absolute flux of the neutrons at the place of irradiation was not meas-
ured directly, potassium iodide was used as the standard substance whose 
cross-section was taken from a recent BNL report ("). In all cases the sample 
to be studied was sandwiclicd between two standard samples of Kl . Thus 
tVie value of the neutron flux on both sides of the sample was measured and 
the mean of these values was taken for the j)urpose of calculations. 
The natural abundances of the isotopes studied and the decay schemes 
of the reaction products formed by (n, y) reactions were taken from recent 
nuclear-data sheets (''). The activities of the reaction products were followed 
up to the background le\el. A graph is plotted between the logarithm of the 
counting rate and the time t measured from the stop of irradiation. The graph 
comes out to be a straight line and shows the half-lives corresponding to the 
product nuclei. By extrapolating the graph to zero time we get the counting 
rate at the instant of sto{) of irradiation, i.e. (\. This procedure was followed 
in all cases as it eliminated the prtsence of other interfering activities. 
The following expression was used for finding the cross-section: 
*" ' ' < ' ' ' " ^ ' - . r « . [ l ^ e x p ! ~ A f l ] . t „ ' 
where the hymbols have their usual meanings as in ref. (^). 
2".i. Krrors. — The errors associated with (he measured cross-sections are 
the r.m.s. errors corresponding to the various terms appearing in expression (1). 
The error in the detcrininatioji of the \alue of w„ is extimated to be less than 
1 %, as the samples were 99.99% ])ure and a balance which weighed correctly 
up to 0.1 mg was used. An estimate of about 2 % error was made for the non-
reproducibility of the irradiation and comiting geometries for the standard 
samples and studied sanii)lcs. The saturation factor 1—exp[—At\ was 
close to unity and thus introduced a small error in the final result. Jn ad-
('") J. R\i'\i>OKT; JViwL Data Hheetx H, 3, 85(1969); R. L. AUBLK: .V(W(. Data /Sheets, 
16, 38:! (1975); K. R. ALV-^R and S. KAMVN: Nud. Data Sheetx Ji, 8, 1 (1972); 3.i\ 
LKMMIN'G: Nticl. Data Sheets, 15, 137 (1975); F. K. UKRTR^ND: NUCL Data Sheets B, 
7, 33 (1972); S. RvMiN and II. J. KIM: Nuel. Data Sheets li, 6, 39 (1971); L. A. KROGER 
and (\ W. REICH: Nwi. Data Sheets, 15, 409 (1975); M. B. LEWIS: Nud. Data Sheets B, 
6, 355 (1971). 
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dition to all the above errors there is a statistical error in the counting rate 
which lies between 2 % and 12 % from one measurement to another depending 
upon the activity induced in the samples. The errors in the energies and the 
branching ratios of the (3 particles and half-hves of the isotopes have not been 
incorporated because any revision in the decay schemes would permit an easy 
recalculation of the cross-sections in the future. Besides these, the other possible 
errors may be due to a variation of the neutron flux during irradiation and 
to the presence of scattered neutrons at the place of irradiation of the sample. 
The variation of the neutron flux during irradiation, because of the fluctuation 
in the proton beam current as well as in the shape of the proton beam spot, will 
affect the standard sample and the specimen sample differently and hence care 
was taken to keep the neutron flux constant within f 5%. The runs with 
large beam current fluctuations were discarded. 
The presence of scattered neutrons may introduce serious errors because 
the cross-sections at low energies are quite high. In our experiment, the nearest 
wall from the place of irradiation was at a distance of more than 5 m and the 
system of irradiation was kept «clean» having minimum scattering material 
nearby. The background neutron flux was estimated by studying activities 
at different distances from the neutron source and assuming that the direct 
neutron flux varied inversely to the sqiiare of the distance, while the back-
ground neutron flux remained constant. The flux of backgi'ound neutrons (w«), 
with respect to primary neutron flux (nv) was found to be less than 5%. 
Results. 
Table I shows the results obtained from the present work together with the 
neutron energies, half-lives of the products and earlier reported values at 
nearby energies (whenever these are known). 
In "V, our cross-section value is in agreement with that of Dudey etal. C). 
J n "^ Cu and ^^*Hm our values of the cross-section are close to the values reported 
by JoHNSEUD et al. {^ *). In ""Ga, the cross-section values are in agreement with 
those of Dovbanko et al. ("). The present values of the "'Ag(n, yy^Ag reac-
tion cross-section is lower than the earlier reported value {^^). The values of 
the cross-section for the 8°Se(n, Y)8\Se% 8»Se(n, Y)"Se'", i>''Pd(n, Y)"'P<i' and 
"«Pt(n, y j^Tt reactions in the few hundreds of keV energy region are not avail-
able in the literature. 
(15) A. E. JouNSKUD, M. U. SiLBERT !ind II. II. BAKSCHALL: Fhys. Meu., 116, 927 (1959). 
('«) DOVBANKO et al.: At. Energ., 26, 67 (1969). 
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SfT NOioau it)HaN.a A^^ au-i >it sMoixaas-ssoHj jranxava NOJixnciN 
NEUTRON CAPTURE CKOSS-SECTIONS IN THE k c V ENEI{(}Y KEfilON 1 4 7 
neutrons. The theoretical value of the oroiss-section obtained by DUDKV et al. (^ ) 
by usiiiK the Moldauer formalism at IJ^ -— 400 keV is 2.7 mb. This value is elose 
to our experimentally measured value and thus eontirms our doubt about 
the value of f. Therefore, the deviation of a^^^ and a^^^^^ for this case is not a 
real discrepancy. In the case of ""I'd and i"*Pt the resonance parameters are not 
known and hence the calculations could not be extended to both nuclei. 
J<>om table IF, one can conclude that the statistical theory can be applied 
to predict neutron capture cross-sections in the few hundreds of keV energy 
region within a factor of two or better of the experimental values when the 
low-energy resonance parameters are used. It has been shown {^^) that </^ ^> 
and (I)/ do not change signiticantly up to 100 keV of incident-neutron energy. 
In the present work the data points were too meagre to draw any definite 
conclusion regarding the J-dependence of | . 
We are thankful to Prof. (i. K. MBHTA of I.I.T., Kanpur, for providing 
the Van de (iraafl' and other facilities. We are also thankful to Prof. M. 
Z. KAHMAN KiiAiN for his interest in the present work. One of the authors 
(HMA) is thankful to Dr. tS. (\ L. SHVRM4 of I.I.T., Kanpur, for the helpful 
discussions and valuable suggestions during the course of this work, and 
grateful to the (LK.I.K. for awarding him a Senior Research Fellowship. 
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R I A S S U N T O (•) 
Souo s ta te misuni tc Ic, spzioni d ' u i t o di ca t tu ra radia t iva del neut rone per gH isotopi 
s'V, " 'Cu, ""(J-a, ^o.-ie, 'K'Ag, "" I 'd , ' " S i u o ""*l't ad una o due energie dei neutroni nella 
regionc dei koV con it metodo del l 'a t t ivazioue. Si r ipor tano per hi p r ima volta le sezioiii 
d 'u r to per i t rc isotopi ""So, ' "I'd e '^I ' t e net casi r imanent i si fa un confronto con valori 
preci 'dentenionte r ipor ta t i . I valori hporinu'ntali delle aezioni d 'u r to si confrontano eon 
i valori teorici o l t enu t i dalla formula di Margolis chc si basa suUa teoria s tat is t ica per 
ott-cnere intornuizioni sul pa ramet ro S ( \iy'j'lji J\^')-
{') Tradiiziotie a cura della liedazioiie. 
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Abstract: The cross sections for the production of 25 mm and 5 min activities due to the isomeric states 
of '^'*Lu, produced by the "*'Ta(n, a) reaction, have been measured at four neutron energies in 
the keV region. From a study of CT5„,„(n, a)/ff2 5imn(n' ") versus £„, an attempt has been made to 
assign spins to the 25 mm and 5 mm isomeric states of ' " L u . 
NUCLEAR REACTION ""Ta(n, a ) ,£ = 270.615,690and875keV,measuredo,„,„(n, o()/ 
CTj,„,„(n, ot): '•"*Lu deduced levels, J. n. 
1. Introduction 
Isomeric pairs of '^*Lu nucleus with half-lives of 22 and 4.5 [ref. ')], 30 and 
16 [ref. % 5 and 30 [ref. % 30 and 23 [ref *)], and 28.7 and 22.7 min [ref. ')] 
for the ground and isomeric states, respectively, have been proposed. Recently, 
Alam and Sehgal *") obtained half-lives of 25 and 5 min for the ground and 
isomeric states of '^*Lu nucleus respectively. These isomeric states were produced 
by different reactions ^~*). Due to the large difference between the spins of isomeric 
states, viz. l^ for the ground state and {7~, 8^, 9"} for the isomeric state following the 
Gallanger and Moszkowski •^^ ) coupling rule for Nilsson states in odd-odd nuclei, 
the y-ray transition probability for the isomeric transition is expected to be very 
small; this is why no isomeric transition could be observed ') and the energy difference 
between the two isomeric states could not be determined directly. 
The measurement of the isomeric cross-section ratio ^5 „,„("> V^CTJ 5 miJ"'o') ^t 
different neutron energies may provide valuable information about the spins of 
isomeric states. So far no attempt has been made to measure the ratio (^$ t„,J{n, a.)/ 
CT2 5„,n(n, a) at different neutron energies. In the present work, we have produced 
i78g,inm from the (n, a) reaction on '^'Ta using neutrons of four different energies 
in the keV region in order to get a trend between the ratio (75„,„(n, a)/iT25„,„(n, a) 
versus E^ which would decide whether the 5 min state is a high angular momentum 
state. 
t This work forms part of the Ph.D. thesis (1979) submitted by H M. Agrawal, Phys. Deptt., A.M.U., 
ALIGARH. 
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2. Experimental procedure 
The required neutrons were obtained from the ^H(p, n)^He reaction using an 
incident proton beam of energy ^ 1.45 MeV from a Van de Graaff generator at 
IIT, Kanpur (India). The neutron flux at the place of irradiation was of the order of 
~ 10* neutrons/cm^ • s. 
A tantalum metallic sheet of thickness 0.5 mm, having purity better than 99.9 % 
(obtained from Johnson Mathey and Co., Ltd., London) was used for the preparation 
of the sample. The circular sample (diameter = 1.6 cm) was irradiated in a zero-
degree forward direction relative to the proton beam. The position of the sample 
with respect to the neutron source had to be very close to get substantial counts due 
to activity produced from the (n, a) reaction. However, this resulted in a large energy 
spread J£„. An end-window /?-counter, whose window thickness was 1.75 mg/cm^, 
was used for detecting the /3-particles. The counter was shielded by a lead house to 
reduce the general background. 
The sample was irradiated by neutrons of four energies. 25 min and 5 min activities 
were obtained from the complex decay curves in the same manner as discussed in 
ref. % 
The following equation has been used to calculate the isomeric cross-section ratio: 
'^ 5 mi„(n' a)/<^ 25 .ninCn' a) = (C^JC^^,)[_l -cxp ( - AasOl/Cl - exp (ASOJEZS/^ S-
where the symbols have their usual meanings [as in ref *)]. The ratios thus calculated 
areJnsensitive to any error present because of the non-reproducibility of the position 
of irradiation and the counting geometry. Any error introduced by estimating the 
number of target nuclei is also cancelled in the present calculation. 
3. Result and discussion 
The measured values of the isomeric cross section ratio are plotted in fig. 1 as a 
function of £^. It is clear from the figure that cross-section ratio increases with the 
energy of the neutron. From this trend it may be inferred that the 5 min state should 
be high-spin state, since as the neutron energy increases, higher angular momentum 
starts taking part, and the probability of population of a high-spin state will be more 
than that of a low-spin state. 
In the earlier work, Alam and Sehgal *) proposed four possible sets of calculated 
isomeric states of '^*Lu. The present work rules out the possibilities (a) and (c) in 
fig. 4 of ref *). From an analysis of/?-decay *), ji-y and y-y coincidence experiments ^''°) 
and also from the consideration of the coupling rule of Nilsson states '* ) , it is well 
established that the spin of the ground state of the '^*Lu nucleus should be 1^ 
and hence the possibility 4{d) of ref *) is also ruled out. The sets of spins 1 •^ , 7" and 
1 "^ i 9" for isomeric states have not been considered in the earlier work *). Tamura *) 
has suggested 7~ for the isomeric state of '^*Lu having a half-life of 23 minutes. 
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Fig. 1. Plot of the ratio CT5„,„(n, !x)/CT25„,„(n, a) versus neutron energy. 
In the present case the 5 min lifetime also corresponds to some high-spin state in 
'^*Lu. Obviously it cannot have a 7^ spin. The probable spins for the 5 min isomeric 
state are 8 "^ , 9 " due to the coupling of p^ + [404] J, and nj + [624] | and p^ [514] | and 
n^ + [624]t configurations, respectively. It is not possible to say whether this state is 
below or above the 23 min '^*Lu(7") state, but the energy difference between the 
23 min '''«"'Lu(7") and the 5 min '•'*'"Lu(8"', 9") must be very small otherwise 
isomeric transition between these two must have been observed. If this energy differ-
ence happens to be large then it would not be possible to explain both 5 min and 23 min 
isomeric states. It seems preferable to take a 9" spin for the 5 min isomeric state. 
The reason for this preference is that the 5 min lifetime might be explained on the 
basis of a hindered E2(M3) transition and for the same 9"^  is more likely to be above 
7 " state. Also, it is worth pointing out that the 5 min activity is observed only through 
the (n, a) reaction. 
The authors are thankful to Prof G. K. Mehta of IIT, Kanpur (India) for his kind 
hospitality. We are also thankful to Prof M. Z. Rahman Khan for his kind interest 
in the present work. 
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4bstr^ct> The (n,y) cr©ss_section5 for Gd^^ hav» 
been »en3ux-«d for the f i r s t time in energy 
region between 1 and 3 MaV, usiiig tiie comparative 
act ivat ion technique. The exfericwntai cross-
sect ions iir« co^^'^red 'rfith the tneore t ica l 
predict ions based U'jon the s t a tmt i . ?a l tneory. 
J>l>.9yvorjg »(n.iO Cross-soctioni-,0(1-^^-jji^^sl to a^ -W) 
jj^^ro^luctii^n.; 3ie neutron raptur'^ crcsf.-Sfict'^ons piny an 
laportant rc^le in the choice of \h': nat r ia l ' , for t c ' 
design of f.xst reac tors . Thu r/?6^'.r'',.rTrtii of Cr.,r) cross-
sections f-arnish tne Infora.atiLiv- n^.ul '^ r-; lifftjrv'nt 
machanlsiBi of nuclear reactlonr: ta,.ir.- ; 'art Ir. dlffcnjnt 
energy re[:lon;3» The s t a t i s t i c a l t ; . Jor : 'or ni-olenr reac-
tions proved very successful in pr^'Iictif.;; t-.e in,T] 
cross-sections in KeV cnorsy rt^cio-.. By rj-v- .'nventigatjon 
of the available exporincntal data and if : cc=.--^rl^ic: 
vlth the s t a t i s t i c a l theory preilictlons , i t wss ot'Sorvod 
that the experimental cross-sectlons are generally higher 
than the theore t ica l values above 1 l-leV, Iio\.«vor, the 
pwolse experimontal data i n the energy region abovo 
1 MeV are neagre to draw any defloito conclusion al>out 
ttj9 n o n - s t a t i s t i c a l procosses -.•hich eight be t f i ing 
place i n th is enorgy region. V.'e have nr:-'ie an attcr.pt ,to 
iBtaBure the iti,Y) cross-sect icns for Qd-^ w using; 33.3?-
enriched i so tope , a t five different neutron ^nersies 
betveen 1 and 3 MeV for the f i r s t tl.7.e. No other aeaSure-
meats are avai lable for th is isotope i n this energy 
r«gloru d a r e su l t s have been coaparod vith the theore-
t i ea l predict ions based upon s t a t i s t i c a l theory. 
Bxpcrlaental; The coaparatlve act ivat ion technique was 
applied to measure the nsuti-on induced reaction cross-
• • e t i o n s , by counting the Induced charac te r i s t i c gajar.ia 
ray emitted fron the daughter nuclens. Neutrons of 
disir«d energies were produced byH-^Cp,!!) Ks«3 react ion, 
Xbia desired energy protons were obtained from Variable 
SttDPgsr Cyclotron a t Chandigarh. The neutron flux a t 
the place of bombardiaant vas /v lo" n t / s e c . The sample 
va3 made by unifoimly spreading the powdsnOdg Oo) within 
tha parspex ring of the specified radius which was 
»«uO*wlched between two thin cellulose tapes . This 
• tapif wa3 placad i a between two standard KI samples, 
te W t the average neutrott flux passing through the 
6JUi i%le . ahe i r r i d l e t l o n ot the aaB^ile was parfoxaed 
iS 
I n tb« 2«ro-(39sree forward <Ur«et ioa wlUi r e s p « 9 t t« 
the p ro ton beaa, A 50 c . c . l e a d s h i e l d e d G « ( I d ) d e t e c t o r 
was used to d e t e c t the c h a r a c t e r i s t i c gamma l i n e s , Ihe 
gamma s p e c t r a from the decay of the Saa^ le were recorded 
by a p r e - c a l i b r a t e d 4096 channels ND-IDO a n a l y s e r a t 
subsequen t time in te j rvals wtiich were c o n s i d e r a b l y s h o r t e r 
than the h a l f l i f e o f Gd-^^. The fo l lowing e x p r e s s i o n watf 
used fo r coswuting the c r o s s - s e c t ! oris 
<r' 
AAerpC At2) 
N . 0 . C . * . [ l~expU>t l ) J [ l - e x p ( - > . t 3 ) J 
vil^ere A i s tUe a rea under photopoak of the c h a r a c t e r i s t i c 
gamma r a y , A i s tan aocay c o n s t a n t of the daugh te r n u c l e -
u s , N is. th« nu.'abar of n u c l e i of the I s o t o p e prei^ent In 
t a r g e t , i- i'- tb^ e f f e c t i v e photopeak d e t e c t i o n e f f i c i e n c y , 
5r i i the average neu t ron f l u x , t l i s the i r r a d i a t i o n t i m e , 
t2 i s the elapi^oa time between s t o p p i n g of i r r a d i a t i o n 
and s t a r t i n g 4f cou i t ing and t 3 i s the count ing t i i ae , 
S252itL„4_jZ.C.ir^'i:liii?£i. ^-fi eTpcr is ientPl ( n , r ) C r o s s - s o c t l o a s 
nro t a lwlu t^d i n '"abi'^ I , The r e s u l t s are compared with 
the c->-"tl--t-,cs'. L.'eor- c i l r a l n t i o n / j due to Hoias y t &lf{] 
and a r j ;>rowr. ^R Uit. . -us t; '^. l o . Ls^t colucin in Lho 
t a b l e lUve., "-,; o perc^nta: ;e d l f fo r«nce between the nx^firi^ 
ttontnl ani' t-ie t n o o r e t i c a l v a l u e s , in j o n o r a l the oor -
centac^ i^ •^'"-jrerjcj b-jt-./e^n axp(^rindental and lJ"ifecsr>tical 
values JncraqS'^s with oxiergy, i n d i c a t i n g h a r e b y tno 
non-eonpound nucj-eua coa t r i b - i t i on to the ( n , r ) c-ross-
s ec t i ons , . 
J l f i b i a J -
2Z!£la.Jfl_5£fi tin ^ _ . , — „ 
Weutron ^j-nsi-gy ; I^zoerljaarAall T h e o r e t i c a l 
*n [i'feV] j Cro3s_.s,ec- i o r o s s - s a c -
t l o n t i o n s 
1 " t n r ^ ^ b l jsn;n,T)r)nbl 
1 
2 
3 
4 
Ji. 
1.07 
1.48 
1.89 
2 . 3 
?.8?... 
Mfixsass.' 
2,'>.4-'-4,41 
23.'^<3-KH.i4 
l ? .GO^ .G ' i 
J.„ 
22. S 
21 
18 
13 
d i r r c rencQ 
(twGon 
e x p U . & 
t h e o r . r e s u l l s 
13.2;g 
£3.8)^ 
26.1;i 
iTJBwfciftJXiS.-
1 J.A. Holmes et al, At. Data and Nucl, Data 
Tables Vol. la (1976) 380. 
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DTVlSTlOATIOrr; O? REX'TTlOli J'BCHAWlSr'S DI {n.V) 
H.::. Agrawal, I"!. Afzfd Anaarl and K.L. Seh^al 
Departrent of Vhy^ics ,Alir,axh ::ualiin University,Allgaxh. 
The Rtatigtlonl theory of nuclear reactions proved 
rery puoces^ful In •nrer'ictinc- (n,"Y ) croar-seip-iionr ever 
wide er.erry ranr;e (fe-,; tenn of K"T to ''-VeVy ', The 
irportanoe ofpother reaction nech'^nirr'H •.;an considered by 
Lphe and Lynn-'. In the present •,'ork, .-^n attenr.t has "be°n 
r".ade to shed l i ' h t on Capt'Te neo i^-^ nlsr- l^ y c or.rjftrir.f; 
<3T^_(n,-v) '••lthCrrv,„„(n,>' ) at different neutron energies, 
vl^i; 3 - 30Ke7, 30b!t8r srd y.'e'J. The experinontal vpjues 
have hoon tp'/en fron TraT)'"^ ! riran in recar't I'"l report 
alon/^vith 157« error. The theoretical v-^lves ha^ •e beon 
ta:<en fro-^  rc^. 4. The ratios'Crr>,„„'"."^ ) /^y- , (n , Y ) at 
these ennr-"ier ha"e be^n rlof.ed ?.'^ ".inr,t the corpound 
nu cleun na-'f? (A) . li". (i ) di'-plrys th<?se plota. At 50>-e7 
the data roirtn ai'e fca-tered aroxmd the line oorreipond-
inf to the rpxio one pn Bho'.'n in '"i'^. 1 ( P ) . HO-.VGV r the -' 
(\i8-norrlon oi T)oint<i :ire valid rourhly -uthln ? ^''C'-or of 
two. The factor o^ t'-'O Tiay he cUie to the fn.ct thpt t-ie 
s ta t ip t ica l "odel crc^-cectiorrj -•r" rpx.'>""'T tc- dependent 
especially, tiie level denrity sz-nrcs'•i on-; nlry:^ pr ir-port-
pnt role. At 3CC;-^ o7, a cl-J^l^r of point- rt A>^ 150 ir" pre-
sent below the line corro"pondir'g to the ratio 1 . At y.r'.l 
except e^w d?la polnf a l l ' ro in t r l ie Iclc-.' tho line corr-
esponding to rat io unity. From fir.1 (b) an'.lic) i t is 
cle?ir that the clu-torinr of the data x oint- belo-./ the line 
co'-re'-rondinf^ to raxio 0.5 inoreaf.en p'- the value of enerf^ 
increp"Gr- frci 5C i'.eV to 3:'o7. This tondency i? undoubted-
ly an indicative of increasing 
of non-ntat3f"tlcal processes in 
the capture rmohani.srr.. Qt'all' 
t ive aP vyell as quantitative 
evidience of non-stat ist ical 
ta- "l-l ,,i ' i ' 
proceases haa alse>been observed ,1 \h^ ' i I ^ 
by Eagjatt et a l . and Wafson i j j ' I ' 
1. H.M.Agrawal.Ph.D. thesis , iHl * l| , 'l 
A.M.U.,Alir:arh. (1979) | T ii ' 
2, J.B. Lynn, Theory of Neutron I * •••' 
resona^jce reactions, olarend- !) \ i A 
o n , ebcford ( 1 9 6 8 ) . • l '" T 
JL 
3, ITeutron cror'3-3eotlon,Bi:L-
report -525 (1576) 
4, J.A.Holmes et al..Atomic data 
and Tuclear Data Tab lea. Vol. ' 
18, (1970) 412 
5, R.F. Barrett and K.v/. Br^y, 
lluol. Thys. A 278 (1977)204. ^ ^ ^ , /,„c£^ «o /^^  
6, O.A. Wapson et a l Phyr. Hev. l e t t . 17 (1966) 1220. 
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MEASOHEKF>NT OP {n,Y) REACTIOTI CRfBS-SECTIOIG FOT 3a)l5^ AT 
W70 KeV A.ND 680 KeV, AND FOa Vd.^'^0 AT 38O KaV 
M. AFSAL ANr.ARI, M, „.V3IM AND H.M. AGRAWAL 
Allgarh Muslim Univers i ty , .UlKHrb-20?001 
I . INTROPgCTIOK 
The study of (n ,v) rpaotlon cro'S'i-T^ctlon i s u^erul 
for undprstandln?, of the nuoV-,ir reac t ion the 'T iea ir, th« 
lntennedlat-1 energy rnglon. I t !,•? ob.)>Tv<?cS t.>iat 'tr>e exp-
• rlment-xl nputT'-m '.\;,tav:> cro-.-.--Hct J on vilima ,Tr't not In 
f a i r agi*eoMcnt w:l.t.!-i thp tnpor-ij.r-,jlly cal eul--> r <jrj. VTlaos 
for many nucle i in rev: hur i'-f-i.'! K«y re:-Io!i. Our ri»i,'!ur<)<3 
Sin»5^(n,y) Sm'y/ cross-3»otlor,;t i t noj tron rn(>r:ie» V?0K<57 
and 680 KeV .iro h i jhe r by about 2'/,1> In co-nptrlaon with tha 
t h e o r e t i c a l l y caicul'^tecl Vihif^a bijo-l upon tna i t a t i s t l c a l 
theory. Pci'lO (.n,Y) Pd''^' croos st^ction la aeanuror'. a t 
neutron energy 38O KeV a.i thor«> wan no I n f o r m t l o n fox- t h i s 
c r o s s - s e o t i o n in t h i s enwrgy region , 
II. EXHSRIMTsN'TAL 
The (n,Y) cro.is-Mectlons for Sm'^ ?'*- an-l Pd'.IO have been 
inaaaure.l ucu>{ eo'^jpir-itivo ac t i va t ion toc'^oi juo^'', Viy count-
ing the induced/ I -Hct iv i t lHs of t.'ie pr'-«U!ot nnol'^l, a •< 
these decay b^"/}-emls^i^on. TTJH Pt-vaur-jaonts were iiialc r e -
l a t i v e to 1^2/ (n,-i )I''2l-' rpdci ion . Protcr beaa of d i f :> ren t 
energ ies wern obtainod froTi ;'M(iV 7 in-ae-Graaff acce l e r a to r 
a t I . I . T . Kanpur t o nroriuoe n^'Utrons. NiiUtrotis of the de-
s i r e d energ ies were obtiir^ed fron T(jj,n/ r e a c t i o n . Noutron 
f lux a t tho place of boiibvrdTi"nt wia of tha order of 1 .6 X 
10" neutrons for one nucroampwro "beam cur ren t of protons 
and for u n i t ao l id ang le . 
Spec t rosooplca l ly para substances of chemical pur i ty 
bet ter than 99.9/i wero obtainod from Johnaon Matbey & Co. 
L t d . , London. Samples for i r r a d i a t i o n vara made by un i for -
mly spreading tha powdered substances in perspex r ings of 
i p e c l f i e d r a d i u s . The r ings were than sandwiched betveen 
two t h i n c e l l u l o s e t a p e s . Tho i r r a d i a t i o n of the aamplaa 
were performed in the zero degree forward d i r e c t i o n with 
respaot t o t he proton beam. Tho Induced a c t i v i t i e s were 
Beasured by c o u n t i n g ^ - p a r t i c l e s with tho help of a th in 
end window/i-counter of window thickness 1.75' ffig/oni2» Tb« 
counter was sh ie lded by lead house of 12 cm thick to 
reduce the genaral background. The var ious errors involYed 
in Bjeasuring the act ivat ion cross-sect ions are dlsoi'.ssed 
by S«hga3J2l The formula used for computing the cross -
geotieci i« given «s, 
C. 
T" » -7—r~" 
[t t. tm»^] 
\ 
\\ 
% 
"H ^^  L., \ *^ *^^ *-^ . 
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%> 
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wb«rt Coj» th« counting r a t e per second of the saaples at 
sero tisse; no I s the numlwr of nuclei of the sample ( I so -
top«) present In the t a r g e t ; ^ is the de tec t ion efflcAfocy 
of/V-oounter for y j - p a r t i d e s ; t , Is the time of I r r a d i a -
t i on of the sample;A i s the decay constant of the product 
nucleus and4>o 1« the average neutron flux passing? through 
th« sample. 
Using Hauser Peshb-ioh s t a t l a t l c n l theory^'^'of nuclejir 
r e a c t i o n , the following formula due to RolcDes e t . a l ' 1 ' has 
b«en used for t h e o r e t i c a l c a l cu l a t i ons of (n,Y) reac t ion 
o r o t « - a a o t i o n , ^ -r- ^ ' , ^ ^ 
tni itK C->Jr,*VO^»-:^  + 0 JT;, 
(V) wtatra the symbols have t h e i r usual meaningsi 
I I I * R;ESPL:I5 AND_PISCUSSIOM 
In t a b l e I , the experimental (n,V) reac t ion c r o s s -
aeotlocis along vrlth the t h e o r e t i c a l va lues , c a l cu l a t ed on 
the bas i s of s t a t i s t i c a l approach has been g iven . Cor 
Pdl^O the t o t a l c ro s s - sec t i on would be trie sum over the 
TABIE I 
q?^ypt '(rr.bj 
Reaction 
Neutron, 
Energy 
(KeV) 
fVesent work /Yoviouswork 
(-•) 
W^^°(n.Y)Pd^n 
>+70t 
680 i " 
M'i2 38.00^5) 
39.00(5> 
26.80 
38.70 
21.00 
ground s t a t e as well as the isomeric s t a t e c r o s s - s e c t i o n s . 
We have measured the c ross - sec t ion only for ground s t a t e , 
hence the t o t a l c r o s s - s e c t i o n w i l l be l a rge r than theo re -
t i c a l c ross s e c t i o n . Krom t ab le I I t i s c l e a r tha t the 
experimental va lues are higher than the t h e o r e t i c a l v a l u e s . 
However, the s l i g h t higher t rend of tbe experimental values 
•ay probably be due to the o ther react ion mechanism sucb as 
d i r e c t r e a c t i o n mechanism along with the compound nuclear 
r eac t ion mechanism. 
The authors a re much thankful to Prof. M.L. Sehgal for 
he lp fu l d i s cuss ions and Prof. O.K. Kehta(IIT,Kanpur) for 
providing the Van-de-Graaff and other f a o l l l t l e e . 
1 . Bethe, Beyster and Car te r , J . Nucl. Energy 3»207f273 
(1956); V, 3 , i»*7 (1957). ^ ,^^^^^ 
2 . M.L, Sehgal , Ind . J . Phys. VL, 630 0 9 5 7 ) . 
3 . W, Hauaer and H. Peshbacb, Phys. Rev. 87.366 (1952). 
h, J.A, Halmea, S .E . Wooaley, A. Fowler wTllia.m and B.A. 
Zimmerjian, Atomic Data and Kuolear Data Table*. UcadeBlo 
3Pre«»-Mew l o r k ) 18 , »•, (1976), , , « . o -
J . A.K. Johnarud, MTff. s i l b e r t and H.H. Barcha l l , Hi3re.Be», 
116. 927 (1959). 
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K-BIECTROH CAPTURE TO POSHROH E!-:iSSI01T RATIOS FOR ALLOIVED 
TRAJISmoiS AID SICOHD CL i^SS CUKREIJT 
M.A. Ansari and M.L. Sehgal 
Department of P h y s i c s , Aligarh Muslim U n i v e r s i t y , 
Aliearh-2C2001 
CO 
Ledingham et a l . sugfestecl t ' a t t }e t i s agreement 
•betv;een t h e o r e t i c a l and exTJerirental K/p"*'ratio could be 
removed by introducing; t e r - c p ropo r t i ona l t o t he mesonic 
second c l a s s current '^H/hich v i o l a t e the G—parity, and 
which a re c h a r a c t e r i z e d by co-.n-,lir:-: conste.rt f„ . 
In t he preeent work, the phape c o r r e c t i o n f a c t o r 
CVC/** (which i s a s soc i a t ed v/ith the second c i r c s c u r r e n t ) 
has been c a l c u l a t e d for recen t a v a i l a b l e r/p^-^-^.ta. Radia t ive 
corrections^} which i s the d i f f e rence of the a c t u a l r a t e of 
p-dec?.y from t h a t which v/ould have been obtained i f t h e 
e lec t romagne t ic i n t e r a c t i o n could be switched off wi thout 
charging the mass of the p a r t i c l e , has been in t roduced in 
the i n t e g r a t e d Permi funct ion as 
f o + fp+ [ l + 6 (^V.',Z)) 
Theoretical KVg ra t ios for allowed t rans i t ions have 
been calculated according to the re la t ion given by BambjT.el: 
et alf'^^They have recently (1977) recalculated K/f;''" ra t ios 
taking into account the effect of hole in the daughter atom. 
a ) , + 
Eman et a l . have carried out calculations for K/p r a t i o 
ra t ios based on mesonic second class current theory, and 
found a shape correction factor of the joilowing type. 
= 1 + I (4P + 6V) |+ I (p + '^)/r -^'-E^ )^ (1) 
where f = aZ/2R, § and V are arb i t rary 30iistants. t y taking 
th i s correction factor as energy-independent, they s impli-
fied equation (1) to the following form 
vrtiere a, r Z amd A have the i r usual meanings. The experi-
mental data have been compiled upto recently published 
r e s u l t s . 
(K/p )theo. values were calculated ithout applying the 
correction factor and the points in figure (1) correspond 
to (K/p'^)expt./(K/,P"*Otheo. These points are p lo t t -d as a 
function of Z / A ' O . I t is clear from th i s figure that the 
v-alue of (E/p+)expt./(VP'^)'tIi«o. decreases as Z Increases. 
i ' •i-r' — 
• •''/ja /'*".4« 
This can only be due t o h ighe r t h e o r e t i c a l va lues of K/P^. 
A weighted l e a s t square f i t of t he se ejcperimental data., has 
been represented by a s t r a i g h t l i n e , shown i n the, same 
f i gu re ( 1 ) . This s t r a i g h t line^ may be r ep resen ted by the 
equat ion of the form, (a - bZ/A^'^). where ' a ' and ' b ' a re 
CMistants having the most probable va lues (l»t101 ± 0 .04) 
aad. (18.2 ± 5)x10"-^respectively. We have a l s o t r i e d t o 
s tudy the energy dependence of {K/p*)expt./(K;/^ ) t h e o . ; 
b u t no S3rstematic t r end has been observed. 
The d iscrepency in t h e va lue of (K/p"^ ) exp t . / (K /p ) theo 
can a l s o be due t o n u c l e a r s t r u c u t r e e f f ec t s which i n h i b i t p 
t h e e l e c t r o n cap ture process in the nuc le i having l a rge 
excess neutrons over p r o t o n s . Also much mcr? p r e c i s e and 
acciirate measuretsents'of K/p"^ratlo are s t i l l r e q u i r e d . I t 
i s a l s o in fe r r ed t h a t t he w e l l e s t a b l i s h e d theory of 
second c l a s s cu r ren t i s s t i l l i n e a r l y s t a g e . 
REgsasirgES 
1. E.W.D. ledingham, J.Y. Jourley, H. Campbell, 
M.L. Pitzpatrick and A.D. Baillie, 
Phys. L e t t . ^OB, 247 (1974) 
2 . B. Itaan, B . Guberina and D. T a d i c , 
Phys. Rev. C8, 1301 (1973) 
3 . D.H. Wilkinson and B . 3 . F . Macefleld, 
Kttcl. Phys. A158. 110 (1970) 
• . W. BaBib3roek, H. Behrens , K.H. Chen, B . Crasemann, 
H . I . P i t z p a t r i c k , K.V/.D. Ledingham, H. Genz, 
M. Mut t e r e r , and H.L. Xntemann, 
Rev. Mod. Phya. ^ , 77 (1977) 
KSYVOaDS : (K/p ) e x p t . / ( K / P ) t h e o . , second c l a s s c u r r e n t , 
shs^e c o r r e c t i o n f a c t o r . 
-2C.1-
DlaouBBion 
R.K.Qvtpta I Your azpsriaantal data has more of an oscillatory 
nature than aa a s t r a i ^ t l ine jrou are f i t t ing . 
a .A .Ansari « Joints shown in the figure are not experimental 
ones, but are the experimental to theoretical i^ff^ r a t i o s . 
beoond class current theory supports the linear variation 
of correction factor with H , hence these points are f i t t ed 
with a straight l i ne . 
a.K. .iupta. : a) Is the expression (*^~^;v,/ empirical ? 
b^ com.aent . i'he departure can also be due to electronic 
waveiunctions which may not be accurately known for h i ^ 
Z elements. 
M.A.ABsaJri : a\ Yes. b^ Electronic wavefunctions are 
preoiBely icnown and their validity has been tested for 
many calculations, for the nuclei z C 97. 
